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ABSTRACT 
POPULATION DYNAMICS OF SHEEPSHEAD (ARCHOSARGUS PROBATOCEPHALUS; WALBAUM 
1792) IN THE CHESAPEAKE BAY REGION: A COMPARISON TO OTHER AREAS AND AN 
ASSESSMENT OF THEIR CURRENT STATUS 
Joseph Charles Ballenger 
Old Dominion University, 2011 
Director: Dr. Cynthia M. Jones 
Sheepshead recently have seen an increase in fishing pressure in Virginian waters of 
the Chesapeake Bay. This increase in fishing pressure has led to demands to install effective 
management measures to protect the fishery. However, no study regarding the population 
dynamics, and thus potential yield, of sheepshead has been conducted north of Cape 
Hatteras. We addressed the need for information regarding the population dynamics of 
Chesapeake Bay sheepshead by investigating their age distribution, growth rate and 
reproductive biology. We used this information to construct yield-per-recruit models, which 
local management agencies may use in the formation of scientifically based management 
measures. We collected samples from 2006 to 2009 from both fishery-dependent and 
fishery-independent sources. Based on the age and growth analysis, we determined that 
Chesapeake Bay region sheepshead were living to a maximum of 35 years old, or 12-21 years 
older than previously reported for sheepshead, and were on average larger-at-age and 
attaining larger maximum sizes than their more southern counterparts. These drastic 
differences in age and growth leads to the distinction of Chesapeake Bay region sheepshead 
as a distinct population from sheepshead found south of Cape Hatteras. Despite these 
differences in age and growth, analysis of Chesapeake Bay region sheepshead reproductive 
biology reveals little difference from the reproductive biology of sheepshead found south of 
Cape Hatteras, with all sheepshead being non-hermaphroditic batch spawners, exhibiting 
early maturation by age 2, and a spawning season occurring from the late winter through the 
spring. When we integrate the information on age, growth and reproductive biology into a 
Beverton-Holt yield-per-recruit (YPR) model, results suggest YPR can be maximized by setting 
age of recruitment to the fishery to 7 years of age, corresponding to a 483 mm (19 in) 
minimum length limit, resulting in a maximum YPR of between 1.2 to 1.7 kg. This time of 
recruitment to the fishery and potential maximum YPR is 2-5 years older and 0.6-1.5 kg 
greater than suggested when we use age and growth data from other regions in the same 
Beverton-Holt YPR model. 
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NOMENCLATURE 
a l n ( a ) . Intercept parameter of the mult ipl icative weight- length regression 
equat ion 
a Shape coefficient parameter of the non-transformed weight- length 
regression equat ion. Often referred to as a condit ion factor 
AIC Akaike informat ion cri terion 
APE Average percent error 
ASMFC Atlantic States Marine Fisheries Commission 
b Intercept parameter of a linear regression equat ion 
P Curvature parameter of the al lometric weight- length regression equat ion. 
Addit ionally, in the Beverton-Holt YPR model , symbol represents the 
incomplete beta funct ion 
BIC Bayesian informat ion cri terion 
BRP Biological reference point 
C Index of complet ion (%) in MIA 
CCA Coastal Conservation Association 
Aj AIC differences - The AIC of model / {AIC{) minus the AIC for the model 
possessing the min imum AIC (AICmin): At— AICt — AICmin . The model 
est imated to best out of your candidate R models has A £ = Amin= 0 
d Days at large between marking and recapture in the mark-recapture VBGF 
F Instantaneous fishing mortal i ty rate 
FL Fork length (mm) 
F01 Instantaneous fishing mortal i ty rate (F), given tR, at which the marginal gain 
in YPR by increasing F one unit is 10% of the gain f rom that at F = 0 
F30o/0 Instantaneous fishing mortal i ty rate (F), given tR, at which SSB falls to 30% of 
the SSB of an un-fished populat ion 
FMAX Instantaneous fishing mortality rate (F), given tR, at which YPR is maximized 
FMSY Instantaneous fishing mortality (F) rate corresponding to harvesting at MSY 
FWRI Florida Fish and Wildlife Research Institute 
g Grams 
Y Estimated parameter of the Schnute growth function. When an S-shaped 
growth curve is estimated, the parameter is related to the ratio of the weight 
at the inflection point to the asymptotic weight 
GOM Gulf of Mexico 
k Parameter of the VBGF, Gompertz growth function and Schnute growth 
function. In the VBGF, it is referred to as the Brody growth coefficient (yr1). 
The Brody growth coefficient is used in the Beverton-Holt YPR model 
k' Parameter of the weight-at-age VBGF, weight-at-age Gompertz growth 
function and the weight-at-age Schnute growth function. In the weight-at-
age VBGF, it is referred to as the Brody growth coefficient (yr1) 
km Kilometer 
A Estimated parameter of the Gompertz growth function 
L(t) Length (mm FL) of fish age t 
Lx Length (mm FL) at \x. Estimated parameter of the Schnute growth function 
L2 Length (mm FL) at x2. Estimated parameter of the Schnute growth function 
L„o Mean (asymptotic) maximum length (mm FL). Parameter of both the VBGF 
and Gompertz growth function. LTO from VBGF is used in the Beverton-Holt 
YPR model 
Lm Length (mm TL) at marking in the mark-recapture VBGF 
Lr Length (mm TL) at recapture in the mark-recapture VBGF 
lb, lbs Pound(s) 
In, Ln Natural logarithm 
M Instantaneous rate of natural mortality 
m Slope parameter of a linear regression model. In catch-curve analysis, it takes 
on extra significance as it provides an estimate of the instantaneous total 
mortality rate (Z) 
Mlen Mean length (mm FL) of harvested individuals 
Mwt Mean weight (g) of harvested individuals 
MATt Number of individuals mature at age t 
MIA Marginal increment analysis 
MLL Minimum length limit 
mm Millimeter 
Micrometer 
VII 
N 
n 
No 
n 0 
Ndie 
Nhar 
Nt 
Nne o» 
-Z*t 
N, trophy 
NMFS 
0), 
PMATt 
POF 
ppt 
Q 
R 
Rl-1 
Rl-2 
R2 
Parameter of the Chapman-Robson mortality estimator. Represents the total 
number offish collected between the youngest and maximum age 
Sample size for the analysis in question 
Number of individuals that reach age t0 
Number of individuals at the youngest age in your sample 
Number of individuals dying of natural causes 
Number of individuals harvested 
Number at age t. In YPR modeling, estimated for any age by using Nt = 
Number of individuals in the population greater than or equal to 533.4 mm 
(21 in) FL 
In the Chapman-Robson estimator, represents the number of individuals 
having that assigned coded age 
National Marine Fisheries Service 
Akaike weight - the weight of evidence in favor of model / being the actual 
Kullback-Leibler best model for the situation at hand given that one of the R 
models must be the Kullback-Leibler best model for that set of R models 
Parameter of the incomplete beta function: P = Z/k 
Percent of recruits reaching maximum age 
Percent mature at age t 
Post ovulatory follicle 
Parts per thousand 
Parameter of the incomplete beta function: Q = /? + 1 where /? is the 
curvature parameter from a weight-length regression model 
Notation denoting the set of candidate models investigated, which in our 
case represents the three growth functions we investigated 
Reader l's first age (yrs) reading 
Reader l's second age (yrs) reading 
Reader 2's age (yrs) reading 
Estimate of the annual survival rate (S) from the Heincke mortality estimator 
Estimate of the annual survival rate (S) from the Chapman-Robson mortality 
estimator 
VIII 
SAB South At lant ic Bight 
SE{Z) Standard error of Z f r om the Heincke or Chapman-Robson morta l i ty est imator 
SC-DNR South Carolina Department of Natural Resources 
SE Standard error 
SEFSC Southeast Fisheries Science Center 
SL Standard length (mm) 
SPR Spawning potent ia l ratio 
SSB Spawning stock biomass (g) 
T Temperature (°C) 
T Parameter of the Chapman-Robson morta l i ty est imator : Y.x=o xnx 
t Observed age (yrs) 
t 0 Hypothet ical age (yrs) when an individual wou ld have zero length in the VBGF 
t0' Hypothet ical age (yrs) when an individual wou ld have zero length in the 
weight-at-age VBGF 
Tt Minimum age (yrs) observed in the population 
T2 , tx Maximum age (yrs) observed in the population 
TL Total length (mm) 
tmat Age at 50% maturity 
tr Age (yrs) of recruitment to the fishery 
VBGF von Bertalanffy growth function 
VMRC Virginia Marine Resource Commission 
W Weight (g) 
W(t) Weight (g) of fish age t 
W1 Weight (g) at TX. Estimated parameter of the weight-at-age Schnute growth 
function 
W2 Weight (g) a t i 2 . Estimated parameter of the weight-at-age Schnute growth 
function 
VK.O Mean (asymptotic) maximum weight (g). Parameter of both the weight-at-
age VBGF and weight-at-age Gompertz g rowth funct ion. In yield model ing, it 
is calculated f r om the weight- length regression equat ion 
Wn W id th (urn) of the marginal increment in MIA 
Wn_x Width (pirn) of the previous increment in MIA 
IX 
Wt Weight (g) of individuals age t 
X Parameter of the incomplete beta function: X = e _ k ^ r _ t ° ^ 
Xx Parameter of the incomplete beta function: Xt — e_fe^ tA_to^ 
x In linear regression models, represents the independent variable. For the 
length-length regression equation, it is the length measure observed. In 
catch-curve analysis, it represents age (yrs). In the Chapman-Robson 
mortality estimator, it represents a vector of coded ages, where 0 
corresponds to the minimum age used in the analysis and all subsequent 
values equals observed age minus minimum age. 
y Dependent variable of a linear regression model. In the length-length 
regression equation, it is the length measure predicted. In catch-curve 
analysis, represents the natural logarithm of the numbers-at-age 
Y Yield (g) 
YOY Young-of-the-year 
YPR Yield-per-recruit (g) reaching age t0 
yr, yrs Year(s) 
yr"1 per year 
Z Instantaneous rate of total mortality 
Z Estimate of total instantaneous mortality rate (Z) from the Heincke or 
Chapman-Robson mortality estimator 
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INTRODUCTION 
Members of the family Sparidae (porgies) have a nearly world-wide distribution, 
where they can be found in tropical and temperate inshore waters of the Atlantic, Pacific and 
Indian Oceans (Johnson 1978; Nelson 2006). Today, a total of 33 genera and approximately 
115 species are recognized as belonging to the Sparidae family worldwide (Nelson 2006), with 
22 species known to inhabit western Atlantic waters (Johnson 1978; Tucker and Alshuth 
1997). Of the 22 species known to inhabit western Atlantic waters, 15 of those species are 
found in eastern coastal waters of the United States (Tucker and Alshuth 1997), of which four, 
Archosargus probatocephalus (sheepshead), Diplodus holbrooki (spottail pinfish), Lagodon 
rhomboides (pinfish), and Stenotomus chrysops (scup), occur in the Chesapeake Bay region 
(Johnson 1978). Individual species are generally bottom oriented, omnivorous fishes, which 
frequently use hard shelled invertebrates as primary constituents of their diet (Johnson 
1978). The family is typically considered to inhabit marine waters, though occasionally 
individual species can tolerate brackish and freshwater (Nelson 2006). The majority of sparids 
produce pelagic eggs and show no parental care to their offspring (Johnson 1978), though 
their reproductive strategy is often extremely diverse, with Atz (1964) suggesting that 
hermaphroditism finds its most complex expression in the family Sparidae. Individual species 
of sparids have been identified as being protandrous hermaphrodites, protogynous 
hermaphrodites, simultaneous hermaphrodites, and 'late' gonochorists (a.k.a. rudimentary 
hermaphrodites or 'functional' gonochorists) whose only link to the bisexual condition is 
during the early gonadal embryology of juveniles (Atz 1964; Buxton and Garratt 1990). 
Recreational harvest of one of the four species occurring in the Chesapeake Bay 
region, sheepshead (A probatocephalus), appears to be increasing in recent years, with the 
annual recreational harvest increasing from 1,583 fish in 1999 to 20,319 fish in 2005 (Figure 1; 
National Marine Fisheries Service (NMFS), Fisheries Statistics Division, pers. comm.). This 
represents an order of magnitude increase in harvest over a six-year period, which attracted 
the attention of the Coastal Conservation Association (CCA) of Virginia and recreational 
anglers who wanted to develop the fishery carefully. Subsequently, the CCA approached the 
Virginia Marine Resource Commission (VMRC) requesting that they collect the data needed to 
understand the dynamics of the Chesapeake Bay sheepshead population and develop an 
assessment of the status of the stock. The CCA supported the view that scientists should 
collect and provide information to fisheries management agencies regarding the dynamics of 
2 
FIGURE 1.—Recreational harvest (± SE) of sheepshead in Virginia waters from 1999 through 
2005. Catch represents both harvest and catch-and-release (NMFS, Fisheries Statistics 
Division, pers. comm.). 
the Chesapeake Bay region population of sheepshead prior to any negative impacts of 
overfishing (CCA, pers. comm.). 
Sheepshead are readily identified by their possession of four to seven dark (dark 
brown to black) vertical bars on a gray or greenish yellow ground along each side and their 
well-defined teeth, which include incisors, molars and grinders (Figure 2; Bigelow and 
Schroeder 1953; Gilhen et al. 1976; Johnson 1978; Robins and Ray 1986). These heavy, strong 
teeth are required for crushing and grinding the shelled prey animals that comprise the 
majority of the sheepshead diet (Hernandez and Motta 1997). Sheepshead possess a 
compressed, deep body and a blunt snout (Bigelow and Schroeder 1953; Gilhen et al. 1976). 
Additional common names for this species include convict fish, sheephead, sheepshead 
seabream, and southern sheepshead (Froese and Pauly 2009). 
3 
FIGURE 2.—Picture of a young-of-year sheepshead captured via fishery-independent sampling 
of seagrass beds of the lower Chesapeake Bay. 
Currently, there are three recognized sub-species of sheepshead based on 
morphometric differences. The first, A. p. aries, ranges from Belize to Babia de Sepetiba, 
Brazil (Caldwell 1965). The other two sub-species, A. p. oviceps and A. p. probatocephalus, 
are found in U.S. waters, with the former ranging from the Campeche Banks to St. Marks, 
Florida and the latter from St. Marks, Florida through Nova Scotia (Caldwell 1965). However a 
recent mitochondrial DNA study of sheepshead collected from Texas and Florida (Gulf and 
Atlantic coasts) suggests limited genetic divergence between A. p. oviceps and A. p. 
probatocephalus, though the researchers confirmed the morphometric differences between 
the species (Anderson et al. 2008). Anderson et al. (2008) report A. p. probatocephalus had 
significantly fewer mean lateral line scales (45.3 vs. 46.7), gill rakers (8.4 vs. 8.8) and dorsal 
rays (11.3 vs. 11.4) and increased numbers of dorsal spines (11.8 vs. 11.5) and vertical bars (6 
vs. 5) than A. p. oviceps. In addition, Munyandorero et al. (2006) suggest that preliminary 
analysis of genetic samples taken from North Carolina to Texas suggest very little or no 
4 
geographic stock structure and that recent meristic analysis of sheepshead collected by the 
Florida Fish and Wildlife Research Institute (FWRI) do not support the meristic differences 
proposed for the two subspecies. No additional information is available regarding the 
designation of additional sub-populations of sheepshead throughout their range, though, 
based on the limited movement of adults (Jennings 1985; Bryant et al. 1989; Murphy and 
MacDonald 2000; Tremain et al. 2004; Munyandorero et al. 2006), one might expect sub-
population differences in vital rates and local adaptation to occur. 
Sheepshead are distributed in coastal and estuarine waters along the Atlantic coast of 
North and South America from Nova Scotia to Brazil (Bigelow and Schroeder 1953; Gilhen et 
al. 1976), though they are conspicuously absent from Bermuda, the Bahamas, the West 
Indies, and Grenada (Figure 3; Robins and Ray 1986; Smith 1997). In the United States, 
sheepshead are a common member of coastal and estuarine assemblages of the southeastern 
United States and Gulf of Mexico. In the past, they were reported as abundant as far north as 
New York, and not uncommon around Woods Hole, MA (Bigelow and Schroeder 1953). 
Sheepshead can withstand water temperatures ranging from 10-35°C and salinities from 0-45 
ppt (Johnson 1978; Tucker 1987; Tucker and Alshuth 1997). In the Chesapeake Bay region, 
Goode (1887) reports a commercial fishery for sheepshead occurred as early as 1887, thus 
suggesting sheepshead were relatively common in the region at that time. 
One finds post-larval sheepshead in a variety of habitats, including seagrass beds, 
rocky outcroppings, jetties, and reefs (Jennings 1985; Sedberry 1987; Schwartz 1990). 
Juveniles tend to stay in seagrass beds and oyster reefs, which offer both protection and an 
abundance of soft-bodied invertebrate prey items, with the absence of adults in these areas 
thought to be due to an ontogenetic shift in preferred substrate (Hildebrand and Cable 1938; 
Johnson 1978; Schwartz 1990; Lehnert and Allen 2002). Primarily, adult sheepshead inhabit 
areas in and around hard rocky substrates, where their food sources of encrusting and 
bottom-dwelling organisms are generally found (Cutwa and Turingan 2000). 
Unlike most sparids, Render and Wilson (1992b) report sheepshead are non-
hermaphroditic based on the examination of sections from 38 testes and 213 ovaries for 
evidence of protandrous or protogynous hermaphroditism. During their examinations, they 
did find primary oocytes in two sections from testes. However, researchers report that 
oocytes often appear in the testes of species that are clearly not hermaphroditic (Sadovy and 
Shapiro 1987). Presence of oocytes in testes can occur when males pass through a juvenile 
FIGURE 3.—Native range of sheepshead, Archosargus probatocephalus, (dark-outline) and the 
Chesapeake Bay region study area. 
stage in which both oogenic as well as spermatogenic tissues are present before maturation 
(Sadovy and Shapiro 1987). Further, Render and Wilson (1992b) also report the presence of 
yellow bodies in both testes and ovaries, however this still does not suggest sheepshead are 
hermaphroditic as other processes are known to produce similar structures (Roberts 1978) 
and, unless oocyte-independent production of yellow bodies can be excluded, no firm 
inference of sex reversal can be concluded (Sadovy and Shapiro 1987). Based on their 
analysis, Render and Wilson (1992b) conclude that sheepshead are function gonochorists 
using the term of Buxton and Garratt (1990), with the early gonad exhibiting bi-potentiality as 
a pre-adaptation for the development of sequential hermaphroditism, as is the ancestral 
condition of sheepshead. 
In Louisiana and Florida, researchers estimate the age of 50% maturity for both males 
and females is two years old (Tucker 1987; Render and Wilson 1992a), and all males and 
females in Louisiana were mature by 3- and 4-years old, respectively (Render and Wilson 
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1992a). In South Carolina, both male and female sheepshead exhibit evidence of sexual 
maturity at age one, with greater than 50% mature by age two (Chris McDonough, South 
Carolina Department of Natural Resources (SC-DNR), pers. comm.). Lengths of 50% maturity 
for males and females in South Carolina are between 226 and 275 mm fork length (FL). As 
with Louisiana, all sheepshead from South Carolina are mature by age four (Chris 
McDonough, SC-DNR, pers. comm.). 
As for spawning strategy, sheepshead are considered batch spawners based on the 
observation of several oocyte developmental stages at one time in the ovary (Render and 
Wilson 1992a; Chris McDonough, SC-DNR, pers. comm.). During the spawning season, 
authors suggest that sheepshead spawn between once every day to once every 20 days in 
Louisiana (Render and Wilson 1992a), to between once every 2.5 days to once every 20 days 
(mean once every 7.6 days) in South Carolina (Chris McDonough, SC-DNR, pers. comm.) based 
on the presence of post ovulatory follicles (POF). Further, authors suggest a wide range of 
batch fecundities for sheepshead, with Render and Wilson (1992a) suggesting batch 
fecundities ranges from 1,100-250,000 (mean: 47,000) eggs/batch for sheepshead from 
Louisiana and batch fecundities of 18,400-738,500 eggs/batch (mean: 235,700) for South 
Carolina sheepshead (Chris McDonough, SC-DNR, pers. comm.). Reports suggest that there is 
a general trend where larger females produce more eggs per batch than smaller females 
(Render and Wilson 1992a), though in South Carolina, larger and older fish generally 
produced larger oocytes, but not necessarily as many per kilogram of body weight (Chris 
McDonough, SC-DNR, pers. comm.). Using these ranges of batch fecundities and spawning 
frequency, and assuming a 60-day spawning season, annual total fecundity for sheepshead 
females may range from as little as 3,300 eggs to 44,310,000 eggs. Based on this, there is a 
need for much work to understand the reproductive potential of sheepshead. 
As for the spawning season, previous studies of sheepshead reproduction suggest 
they spawn in late winter to early spring (Gilhen et al. 1976; Mook 1977; Tucker 1987; Wilson 
et al. 1988; Render and Wilson 1992a; Render and Wilson 1992b; Chris McDonough, SC-DNR, 
pers. comm.). From these studies, a general trend emerges, with a delay in the start of the 
spawning period as one moves south to north through their range. In Louisiana, Render and 
Wilson (1992a) report that spawning occurs from early February to April while in Florida the 
start is delayed until March (Mook 1977). In North Carolina, spawning occurs only in the 
months of April and May (Mook 1977). This could be an effect of later warming of water 
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temperatures as one moves south to north in the range of sheepshead, if water temperature 
controls the initiation of spawning 
Prior to the initiation of spawning, apparently adult fish move from nearshore and 
estuarine feeding grounds, used during the summer through early winter, to coastal ocean 
spawning grounds with the onset of cooler weather (Jennings 1985; Bryant et al. 1989; 
Tremain et al. 2004). However, the maximum observed movement of tagged fish was 109 km 
(Bryant et al. 1989; Tremain et al. 2004), though this was still only associated with a 
movement from the upper portion of an estuary to nearshore reefs located just offshore of 
the mouth of the estuary (Munyandorero et al. 2006). Tucker (1987) reports sheepshead 
spawn in either coastal waters or high-salinity estuaries, with the potential of estuarine 
spawning being supported by the observation of females with hydrated oocytes in Tampa Bay 
(Murphy and MacDonald 2000) and inshore Louisiana waters (Render and Wilson 1992a). 
The eggs of sheepshead were first described by Rathbun (1892). Rathbun and 
subsequent authors show that sheepshead females spawn spherical, pelagic eggs that are 
between 806 and 825 u.m (mean: 824 urn) in diameter (Rathbun 1892; Tucker 1987; Tucker 
and Alshuth 1997). Hatching occurred approximately 28 hours after fertilization when 
researchers maintained the water temperature at 23°C and salinity at 35.5 ppt (Tucker 1987; 
Tucker and Alshuth 1997). Rathbun (1892) reports a slightly longer incubation period of 40 
hours. Mean body length at hatching is 1.65 mm (Tucker 1987). 
Larval sheepshead develop more slowly than the closely related sea bream, A. 
rhomboidalis (Parsons and Peters 1989), with a pelagic stage prior to metamorphosis and 
settlement of 30 to 50 days (Tucker 1987; Parsons and Peters 1989; Tucker and Alshuth 
1997). Comparatively, the sea bream undergoes settlement at the same size of sheepshead 
(8 mm total length (TL); Parsons and Peters 1989), but at only 15 days old (Houde and Pothoff 
1976). During this larval period, at 3-4 days after hatch, the sheepshead larvae develop 
functioning digestive systems (Tucker and Alshuth 1997) and by day four are feeding 
efficiently on plankton (Tucker 1987; Tucker and Alshuth 1997). At 28-30 days after hatch, 
the larval sheepshead had attained coloration similar to that of adults (Tucker and Alshuth 
1997). 
Post settlement, sheepshead begin the juvenile stage, during which time they inhabit 
a variety of habitats, including seagrass beds, rocky outcroppings, oyster beds, jetties and 
TABLE 1.—Von Bertalanffy length-at-age growth curve parameters, maximum fork lengths, maximum ages, and ageing validation studies 
reported for sheepshead (Ml=marginal increment analysis and CL=chemical labeling using oxytetracycline and calcein). 
Source 
Matlock (1992)a 
Beckmanetal. (1991) 
Dutka-Gianelli & Murie (2001) 
Murphy & MacDonald (2000) 
MacDonald et al. (In Review) 
Tim MacDonald (pers. comm.) 
Murphy & MacDonald (2000) 
Tim MacDonald (pers. comm.) 
Chris McDonough (pers. comm.) 
Schwartz (1990)b 
Location 
Texas 
Louisiana 
Florida: Northwest 
Florida: Gulf Coast 
Florida: Tampa Bay 
Florida: Tampa Bay 
Florida: Atlantic Coast 
Florida: Indian 
River Lagoon 
South Carolina 
North Carolina 
Sex 
Combined 
Male 
Female 
Combined 
Combined 
Male 
Female 
Combined 
Combined 
Male 
Female 
Combined 
Male 
Female 
Combined 
Combined 
L~ 
437c 
419 
447 
490 
451 
425 
428 
441 
381 
-
-
381 
-
-
498 
-
k 
0.36 
0.42 
0.37 
0.26 
0.24 
0.24 
0.26 
0.22 
0.39 
-
-
0.33 
-
-
0.30 
-
to 
-
-0.90 
-1.03 
-0.42 
-1.17 
-1.32 
-1.11 
-1.48 
-1.13 
-
-
-1.18 
-
-
-1.10 
-
Max FL (mm) 
505c 
505 
560 
522 
-
452 
399 
523 
-
495 
491 
495 
567 
603 
603 
662c 
Max Age (yrs) 
-
20 
20 
14 
13-16 
14 
13 
15 
13-16 
21 
17 
21 
19 
23 
23 
8 
Age Validation 
-
Ml 
Ml 
Ml, CL 
-
Ml 
Ml 
Ml 
-
Ml 
Ml 
Ml 
Ml 
Ml 
Ml 
-
a
—Used mark-recapture version of von Bertalanffy growth model Lr = Lm + (L^ — Lm) * ( l — e~kd) where Lr is total length at recapture, 
Lm is total length at marking, d is the number of days between mark and recapture, L«, is the mean asymptotic maximum length and k is the 
Brody growth coefficient. 
b
—Used scales for aging instead of otoliths 
c
—Lengths originally reported as total length. Converted to fork length using the length-length regression in Dutka-Gianelli and Murie (2001) 
oo 
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reefs (Jennings 1985; Sedberry 1987; Schwartz 1990; Lehnert and Allen 2002). During this 
period, the diet includes mostly soft-bodied, small invertebrate species (copepods, 
amphipods, and mysids), algae, and plant material (Johnson 1978; Odum et al. 1982; 
Overstreet and Heard 1982; Sedberry 1987; Hernandez and Motta 1997). However, in larger 
juveniles (51-100 mm TL), there is a shift from the soft-bodied invertebrates to hard-shelled 
invertebrates, including mollusks and barnacles (Ogburn 1984; Jennings 1985; Sedberry 1987; 
Hernandez and Motta 1997). Hernandez and Motta (1997) suggest sheepshead increase the 
amount of hard prey consumed after they reach a length of 60 mm standard length (SL), 
corresponding with an increase in the oral-jaw crushing force individuals could produce. 
Adult sheepshead occupy habitats (rocky outcroppings, jetties, pilings, and oyster 
beds) similar to those of large juveniles and tend to remain in locations used by encrusting 
invertebrates, their primary prey items (Hildebrand and Cable 1938; Mook 1977; Johnson 
1978). Oral-jaw crushing force continues to increase as sheepshead increase in size through 
adulthood, making it possible for adult sheepshead to use larger and more robust hard-
bodied prey than is available to juveniles (Hernandez and Motta 1997). 
Researchers have characterized the age and growth of sheepshead in various areas of 
the southern United States (Schwartz 1990; Beckman et al. 1991; Matlock 1992; Murphy and 
MacDonald 2000; Dutka-Gianelli and Murie 2001; MacDonald et al. In Review; Chris 
McDonough, SC-DNR, pers. comm.; Tim MacDonald, FWRI, pers. comm.). Several of these 
have validated both the formation of daily increments (Parsons and Peters 1989) and the 
formation of annuli for annual aging (Beckman et al. 1991; Dutka-Gianelli and Murie 2001; 
MacDonald et al. In Review; Chris McDonough, SC-DNR, pers. comm.; Tim MacDonald, FWRI, 
pers. comm.). The maximum age observed for sheepshead depended on the study (Table 1), 
with maximum ages ranging from 13 to 23 years old (excluding Schwartz (1990) because he 
aged sheepshead using scales which underestimate true age), though Beckman et al. (1991) 
suggests that older ages are likely. 
With regards to growth, reported length-at-age von Bertalanffy growth curves 
suggest that for most areas the mean maximum (asymptotic) length is between 425 and 450 
mm FL (Table 1 and Figure 4) , although sheepshead in northwest Florida and South Carolina 
are slightly larger (Dutka-Gianelli and Murie 2001; Chris McDonough, SC-DNR, pers. comm.), 
while Indian River Lagoon sheepshead are slightly smaller (Tim MacDonald, FWRI, pers. 
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—Von Bertalanffy length-at-age growth curves for sheepshead reported in the 
comm.). Further, there is a lack of consensus if sexual dimorphic growth rates are present, 
with some studies suggesting there are no differences in growth between the sexes (Murphy 
and MacDonald 2000; Dutka-Gianelli and Murie 2001; Chris McDonough, SC-DNR, pers. 
comm.; Tim MacDonald, FWRI, pers. comm.), while others find significant differences 
(Beckman et al. 1991; MacDonald et al. In Review). As for length-at-age, von Bertalanffy 
weight-at-age growth curves reported in the literature suggest that there are wide 
differences in mean maximum (asymptotic) weights and maximum weights observed among 
areas (Table 2 and Figure 5). The smallest weights are found for sheepshead from Louisiana 
(Beckman et al. 1991), with weights increasing as one moves north to South Carolina (Chris 
McDonough, SC-DNR, pers. comm.). Once again, the literature is inconclusive with regards to 
whether there is dimorphic growth between the sexes in weight, with Dutka-Gianelli and 
Murie (2001) suggesting no difference and Beckman et al. (1991) and Chris McDonough (pers. 
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TABLE 2.—Von Bertalanffy weight-at-age growth curve parameters and maximum weights 
reported for sheepshead in previous studies. 
Source 
Beckman et al. 
(1991) 
Dutka-Gianelli & 
Murie (2001) 
Chris McDonough 
(pers. comm.) 
Location 
Louisiana 
Florida: 
Northwest 
South 
Carolina 
Sex 
Male 
Female 
Combined 
Male 
Female 
Combined 
w„ 
1900 
2557 
2731 
3763 
4165 
3922 
k' 
0.28 
0.22 
0.25 
0.16 
0.13 
0.14 
6 
to' 
-2.66 
-3.06 
-0.53 
-0.59 
-0.31 
-0.474 
P 
2.88 
2.86 
2.89 
2.88 
2.87 
2.88 
Max Wt (g) 
3005 
4139 
4853 
5585 
3500-
Louisiana Males 
Louisiana Females 
Northwest Florida 
South Carolina Males 
South Carolina Females 
16 22 
Age (Years) 
FIGURE 5.—Von Bertalanffy weight-at-age growth curves for sheepshead reported in the 
literature. 
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comm.) suggesting there are differences. 
Finally, literature reported weight-length regressions provide similar conclusions as 
von Bertalanffy weight-at-age relationships (Table 3 and Figure 6). In general, it appears fish 
are heavier at a given length as one moves north through the range of sheepshead, finding 
the heaviest fish at a given length in South Carolina and the lightest in Louisiana (Figure 6). 
The present status of sheepshead in Virginia waters of the Chesapeake Bay is 
unknown. The VMRC has not collected needed age, growth, reproduction, or fisheries data to 
date needed to obtain estimates of stock biomass or status for this species. This lack of 
information regarding the dynamics of sheepshead in Chesapeake Bay is largely due to the 
historic lack of interest in this species as a food fish. However, as the recreational (and 
potentially commercial) fishery continues to expand, the VMRC needs these data to 
undertake an initial assessment of the population, preferably prior to the onset of adverse 
fishery effects. These data will be important in the development of either a trophy 
recreational fishery, as has been suggested by anglers, or a yield commercial fishery. 
Outside Virginia, the only stock assessments of a sheepshead population are a series 
of assessments undertaken by the Florida FWRI (Muller and Murphy 1994; Murphy et al. 
1997; Murphy and MacDonald 2000; Munyandorero et al. 2006). This assessment series 
began just before (Muller and Murphy 1994) and after (Murphy et al. 1997; Murphy and 
MacDonald 2000; Munyandorero et al. 2006) the state of Florida instigated a series of 
management actions in 1995 and 1996 to protect sheepshead and other valuable commercial 
and recreational species (Munyandorero et al. 2006). Using data on annual kill in weight, the 
TABLE 3.—Literature reported weight-length regressions for sheepshead. 
W-L Coefficients 
Source 
Beckmanetal.(1991) 
Dutka-Gianelli and Murie (2001) 
Murphy and MacDonald (2000) 
MacDonald et al. (In Review) 
Murphy and MacDonald (2000) 
Chris McDonough (pers. comm.) 
Schwartz (1990)° 
Locality 
Louisiana 
Florida: Northwest 
Florida: Gulf Coast 
Florida: Tampa Bay 
Florida: Atlantic Coast 
South Carolina 
North Carolina 
Sex 
Male 
Female 
Combined 
Combined 
Combined 
Male 
Female 
Combined 
Combined 
Combined 
a 
4.48x10s 
5.30x10s 
5.46x10s 
4.40x10s 
4.25xl0"5 
4.06x10s 
3.25x10s 
2.24x10s 
5.47x10s 
2.96x10s 
P 
2.88 
2.85 
2.86 
2.89 
2.907 
2.911 
2.953 
3.024 
2.88 
3.045 
13 
3500 
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FIGURE 6.—Literature reported weight-length regressions for sheepshead. 
numbers killed by age each year, an estimate of natural mortality, life-history information, 
and various indices of abundance, the FWRI constructed a statistical catch-at-age model 
(Munyandorero et al. 2006). From this model, the FWRI concludes maximum yield could be 
obtained from Florida with instantaneous fishing mortality rates (F) of between 1.29 and 1.56 
for the Atlantic coast and between 6.65 and 9.88 for the Gulf coast, though this would result 
in very low spawning potential ratios (SPR; Munyandorero et al. 2006). However, to insure 
against the possibility of recruitment overfishing (static SPR below 30%) for the Atlantic and 
Gulf coasts, F would be constrained to 0.20-0.22 and 0.23-0.24, respectively (Munyandorero 
et al. 2006). These results suggest an elevated risk of recruitment overfishing when 
compared to the risk of growth overfishing in the Florida commercial and recreational 
sheepshead fisheries. 
As for the fisheries, sheepshead have long supported both commercial and 
recreational fisheries along the southeastern coast of the United States and in the Gulf of 
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FIGURE 7.—(a) Commercial and (b) recreational landings of sheepshead from the Atlantic and 
Gulf Coasts of the United States from 1950-2009 and 1981-2009, respectively (note change in 
scale). Commercial landings include annual landings (metric tons; bars) and exvessel retail 
(US$, thousands; triangle symbols). Recreational landings are survey estimates and include 
standard error bars. Data courtesy of the NMFS, Fisheries Statistics Division, pers. comm. 
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Mexico (Beckman et al. 1991; Matlock 1992; Murphy and MacDonald 2000; Munyandorero et 
al. 2006; NMFS, Fisheries Statistics Division, pers. comm.). In these regions, commercial 
harvest of sheepshead increased over the period from 1950 to 1993, where it peaked at 2,280 
metric tons, after which commercial harvest has continued falling so that in 2009 commercial 
harvest of sheepshead along the southeastern coast of the United States and the Gulf of 
Mexico was approximately equal to that seen in the early 1980's (545 metric tons; Figure 7a). 
This decline in commercial harvest was due to the enactment of laws limiting or banning the 
use of entanglement nets in Florida (1994; Florida Constitution as amended by Article X, 
Section 16), Louisiana (Louisiana Marine Resources Conservation Act of 1995), and Georgia 
(2000; Georgia General Assembly Code Section 27-4-7). 
However, in the Chesapeake Bay region, over the past 60 years there has been very 
limited or no directed commercial fisheries targeting sheepshead. This is despite the 
recognition that sheepshead were present in the Bay as early as the 1870's and the reported 
operation of a commercial fishery for sheepshead occurring as early as 1887 (Goode 1887). 
Today, the limited harvest that has occurred is the result of sheepshead bycatch in other 
commercial fisheries operating in the Bay. This has resulted in an annual harvest of 
approximately 3,100 pounds for the years 1950-2007 (Figure 8). Despite the historically low 
commercial harvest of sheepshead in the Chesapeake Bay region, there are indications that 
commercial harvest of sheepshead may be increasing, as the average harvest from 2003-
2007, at approximately 9,800 pounds, is about five times the annual harvest of sheepshead 
occurring from 1950-2002 (1,900 lbs). 
Nationwide, anglers have participated in a large recreational fishery for sheepshead, 
with a general pattern of increase being evident over the period from 1981 through 2009 
(Figure 7b; NMFS, Fisheries Statistics Division, pers. comm.). Coast-wide, recreational harvest 
has exceeded commercial harvest in 27 out of 29 years, and on average the recreational 
harvest represents 65% of the yearly harvest (Figure 7; NMFS, Fisheries Statistics Division, 
pers. comm.). Since 2004, recreational harvest of sheepshead has represented greater than 
75% of the total harvest coast-wide. Currently, the recreational sheepshead fishery is the 
tenth largest recreational fishery by weight in the United States (Van Voorhees and Lowther 
2010). 
In Chesapeake Bay, similar patterns hold true, with the main fishing pressure 
experienced by this stock deriving from a small but growing recreational fishery. This fishery 
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Division, pers. comm.). 
mainly targets sheepshead as both a food fish as well as a trophy fish. From 2000-2007, the 
recreational fishery represented 69% of all landings by weight for sheepshead, with 
recreational harvest representing between 24 and 96% of total harvest in any given year 
(Table 4). If an abnormal commercial harvest is excluded in 2007 due to the capture of 
greater than 20,000 lbs of sheepshead in a single commercial trawl (Myra Brouwer, VMRC, 
pers. comm.), the recreational fishery represented on average 76% of total harvest in any 
given year from 2000-2006. In recent years, there has been a marked increase in the annual 
recreational catch from historical levels (Figure 1 and Figure 9). In combination, the low 
commercial and recreational fishing pressures exhibited by this stock in previous years 
suggest that the Chesapeake Bay population may be relatively unexploited. Unfortunately, 
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TABLE 4.—Commercial and recreational fisheries sheepshead harvest from 2000-2007 in 
Virginia (NMFS, Fisheries Statistics Division, pers. comm.). 
Year 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007a 
Commercial (lbs) 
2049 
3052 
8833 
9837 
4543 
4271 
3589 
26586 
Recreational (lbs) 
7427 
8413 
7593 
29969 
8448 
114930 
74152 
8627 
Total (lbs) 
9476 
11465 
16426 
39806 
12991 
119201 
77741 
35213 
Recreation % of Total 
78.38 
73.38 
46.23 
75.29 
65.03 
96.42 
95.38 
24.50 
—Commercial harvest higher than average due to bycatch in single commercial trawler in 
December 2007. 
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there is very limited data documenting either commercial or recreational harvest prior to 
1981 to confirm this assumption. 
The management regulations in place for sheepshead vary substantially across states 
through the common range of sheepshead in the United States (Table 5). Most states have 
little to no direct regulations pertaining to commercial fisheries for sheepshead with only 
Florida possessing both a minimum length limit (MLL) and bag limit in place. With regards to 
recreational fisheries, most state have some form of bag limit in place for sheepshead, though 
these bag limits vary widely from as little as four fish per person per day to as many as 20 fish 
per person per day. MLL are extremely variable as well, ranging from a 10-inch FL MLL to a 
15- inch TL MLL. In the Chesapeake Bay region, prior to May 1, 2007, the state of Virginia had 
no regulation on the commercial or recreational harvest of sheepshead. At this point, the 
VMRC instigated a recreational limit of four fish per person per day and a quota limit of 500 
pounds per vessel per day for the commercial fishery (VMRC, Regulation 4 VAC 20-1110-10 Et 
Seq.). 
Based on this analysis of what is currently known regarding the biology of sheepshead 
and the size of the fishery in the United States and specifically the Chesapeake Bay region, the 
overall goal of this research was to investigate the population dynamics of sheepshead of the 
Chesapeake Bay region. This study is the first to evaluate sheepshead population dynamics in 
the study area. Data collected allows me to determine whether there is evidence that 
Chesapeake Bay region sheepshead are indeed a separate stock, governed by its own vital 
rates, separated from other Atlantic regions and to establish baseline data needed in a stock 
assessment of this species in the Bay. The specific objectives of the research are to examine 
the age composition, estimate the growth rates, evaluate the reproductive biology, estimate 
mortality rates, and perform a yield-per-recruit analysis on Chesapeake Bay region 
sheepshead. Subsequently, I will discuss some potential implications of my findings when 
developing a management plan for Chesapeake Bay region sheepshead and compare my 
findings to those of other researchers studying sheepshead in other regions. 
TABLE 5.—Current management regulations in place for any commercial or recreational fishery operating on sheepshead along the Atlantic 
and Gulf Coast of the United States. 
State 
Commercial Recreational 
Source MLL Bag Limit MLL Bag Limit 
Texas 
Louisiana 
Mississippi 
Alabama 
Florida 
Georgia 
South 
Carolina 
North 
Carolina 
Virginia 
Texas Parks and Wildlife Department 15 inch 
TL 
Louisiana Department of Wildlife and Fisheries 10 inch 
TL 
Florida Fish and Wildlife Commission 
Georgia Department of Natural Resources 
South Carolina Department of Natural 
Resources 
North Carolina Division of Marine Fisheries 
Virginia Marine Resource Commission 
12 inch 
FL 
50 per vessel per day3 
500 lbs per vessel per 
day 
15 inch 5 per person per day 
TL 
12 inch 
FL 
10 inch 
FL 
-
-
15 per person per day 
15 per person per day 
20 per person per 
dayb 
20 per person per 
dayb 
4 per person per day 
—only harvested as bycatch of other commercial fisheries 
b
—part of the 20 fish per person per day bag limit inclusive of all fish in the SAFMC snapper-grouper management unit currently not under a 
bag limit 
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EVALUATION OF AGE AND GROWTH OF SHEEPSHEAD, ARCHOSARGUS PROBATOCEPHALUS 
(PISCES: SPARIDAE), FROM THE CHESAPEAKE BAY REGION, VIRGINIA, REVEALS SIGNIFICANT 
DIFFERENCES WITH OTHER REGIONS 
Introduction 
Sheepshead, Archosargus probatocephalus, are an estuarine/marine member of the 
porgy (Sparidae) family (Gilhen et al. 1976), ranging from Nova Scotia to Brazil (Caldwell 1965; 
Gilhen et al. 1976). Within this range, they are common inhabitants of nearshore and 
estuarine waters of the southeastern United States and Gulf of Mexico (Bigelow and 
Schroeder 1953; Mook 1977; Jennings 1985; Render and Wilson 1992a). In the past, 
sheepshead were reported as abundant as far north as New York, and common around 
Woods Hole, Massachusetts (Bigelow and Schroeder 1953). 
We know little regarding the stock structure of sheepshead, especially along the 
northern edge of its range. Sheepshead are not a true migratory species, with limited 
movement to offshore spawning grounds with the onset of cooler weather and a return to 
inshore/estuarine waters in the spring after spawning (Jennings 1985; Murphy and 
MacDonald 2000; Munyandorero et al. 2006). There has been no indication of any latitudinal 
migrations of sheepshead throughout their range, suggesting the possibility of local 
populations. Caldwell (1965), based on morphometries, identified two subspecies of A. 
probatocephalus. He suggests the first, A. p. oviceps, ranges from St. Marks, FL, west through 
Texas and the second, A. p. probatocephalus ranges east and north from St. Marks, FL, to at 
least Savannah, GA, the northernmost extent of his samples. Anderson et al. (2008) provide 
the only genetic study of sheepshead, studying sheepshead collected from the coast of Texas 
to northeastern Florida. Although they found little genetic differentiation among their 
samples, they did confirm the morphometric differences seen by Caldwell (1965) and 
suggested that their power to determine genetic differences was small due to their use of 
neutral site markers. To our knowledge, no study has been conducted on the stock structure 
of sheepshead north of Savannah, GA. 
Despite this lack of knowledge regarding stock structure, sheepshead have long 
supported commercial and recreational fisheries in the South Atlantic Bight (SAB) and the 
Gulf of Mexico (GOM; Beckman et al. 1991; Matlock 1992; Munyandorero et al. 2006), with 
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sheepshead currently representing the tenth largest marine recreational fishery by weight in 
North America (Van Voorhees and Lowther 2010). In contrast to the prevalence of 
sheepshead fisheries in the SAB and the GOM, over the past 30 years, catch data suggests 
very limited commercial and recreational fisheries operating in the Chesapeake Bay (NMFS, 
Fisheries Statistics Division, pers. comm.). Currently, only a small (mean ± SE: 1.8 ± 0.4 metric 
tons from 1993-2005) bycatch commercial fishery operates in the Chesapeake Bay, although 
Goode (1887) reports that a sizable historical commercial fishery for sheepshead in the Bay 
was operating as early as 1887. The recreational fishery has expanded recently, with the 
annual harvest increasing from 1,583 fish in 1999 to 20,319 fish in 2005 (Figure 10), 
representing an almost 13 fold increase. This recent trend of increased recreational catches 
led fisheries managers to seek effective management recommendations prior to the fishery 
experiencing overfishing or overfished conditions. 
A first step in providing effective management for Chesapeake Bay sheepshead is a 
comprehensive understanding of the age structure and growth rates of individual-level 
growth rates in the population. In contrast to other regions, as there are studies on the age 
and growth of sheepshead for the SAB and the GOM (Beckman et al. 1991; Murphy et al. 
1997; Murphy and MacDonald 2000; Dutka-Gianelli and Murie 2001; Munyandorero et al. 
2006), no one has undertaken such a study north of Cape Hatteras. Thus, it was necessary to 
collect length, weight, and age data from the Chesapeake Bay population prior to the 
formulation of scientifically based management regulations. Further, because of the lack of a 
sizable fishery for sheepshead in Chesapeake Bay over the past 30 years, these data provide a 
rare glimpse of the dynamics of a relatively un-fished population, especially for age structure 
and growth dynamics. 
When evaluating fundamental population dynamics, there are three general purposes 
for fitting growth models: 1) to characterize the growth of a specific population, 2) to 
compare the fit from the study population with other populations, and 3) to fit a von 
Bertalanffy growth function (VBGF) whose parameters will subsequently be used in yield 
modeling. Depending on the intended use of growth models, modeling approaches will 
differ. When the goal is to characterize growth of a specific population, statistical and 
ecological theory suggests use of a wide range of growth models and reporting of model 
selection criteria (Burnham and Anderson 2002; Katsanevakis and Maravelias 2008). When 
the intended use is to compare the shape of the growth curve from the study population with 
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FIGURE 10.—Catch (± SE) of sheepshead in Virginia waters from 1999 through 2005. Catch 
represents both harvest and catch-and-release (NMFS, Fisheries Statistics Division, pers. 
comm.). 
other populations whose raw data are not available, or to develop a Beverton-Holt yield 
model, growth-model choice is limited to only those curves presented by previous authors or 
to the VBGF. Because our intended goals were to not only develop a growth model that best 
approximates growth in our population, but to also compare the growth of sheepshead in the 
Chesapeake Bay region to other regions and develop a model that could be used in yield 
modeling, we use all three modeling approaches. 
Thus, the objectives of the current study were to 1) validate ages derived from 
otoliths of sheepshead using marginal increment analysis, 2) construct length-weight and 
length-length relationships for Chesapeake Bay sheepshead, 3) model the age and growth of 
sheepshead collected in Virginia waters of Chesapeake Bay and assess the relative value of 
these models, 4) compare the age and growth of sheepshead in Chesapeake Bay to 
sheepshead collected from the SAB and GOM to assess the possibility of spatial stock 
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structure, and 5) provide VBGF parameter estimates to be used in future fisheries 
assessments. 
Methods 
Sampling 
We collected fish from recreational, commercial and fishery-independent sampling 
from April 2006 through November 2008 from Virginian waters of Chesapeake Bay and the 
surrounding coastal ocean. Recreational anglers caught sheepshead via hook-and-line, 
spearfishing, or minnow traps, while commercial anglers used gillnets, pound nets, haul 
seines, trawls, and eel pots. We conducted fishery-independent sampling of sheepshead 
using a 16 ft (4.88 m) otter trawl with an 8 ft (2.74 m) opening on seagrass beds of the middle 
and lower Chesapeake Bay in a targeted study of juveniles. After capture, we recorded total 
length (TL, mm), fork length (FL, mm) standard length (SL, mm) and total weight (W, g) and 
sacrificed fish for the removal of otoliths (sagittae only) and determination of sex (based on 
presence of testes or ovaries) in the laboratory. 
Age Determination and Marginal Increment Analysis 
Otoliths were removed, cleaned and then mounted to a microscope slide for 
sectioning. We obtained a transverse thin-section (~0.4 mm width) through the core using a 
low-speed Buehler Isomet® saw, which we subsequently mounted in Flo-Texx® to a 
microscope slide for aging. 
To confirm the formation of one annulus (opaque band) per year, we performed 
marginal increment analysis (MIA; Campana 2001) using an image analysis system (Image Pro 
Plus V6.2, Media Cybernetics Inc.), and light microscopy. We measured the translucent 
margin from the last annulus to the edge of the otolith (marginal increment), and the distance 
between the last annulus and the previous annulus (previous increment), along the dorsal 
side of the sulcal grove (Figure 11) for fish > age-0. An index of completion (C) was calculated 
as: 
where Wn and Wn_t is the width of the marginal increment and the previous increment, 
respectively (Hyndes et al. 1992). We used monthly means of C among individuals in the MIA. 
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FIGURE 11.—Thin-sectioned otolith from a 22-yr old sheepshead showing the core (C) of the 
otolith, the measuring axis with annuli marked, and the marginal increment or growth on the 
edge of the otolith. 
A single period with monthly mean(s) of C below average marginal increment over one year 
was interpreted as confirming that a single annulus was formed (Hyndes et al. 1992). 
To insure the quality and reliability of age readings the two readers aged otoliths 
double-blind (no knowledge of time/place of capture or length/weight offish) to minimize 
bias in age readings, with the primary reader aging all individuals twice to insure consistency 
and precision within a reader. We assessed the potential for bias in age readings within and 
between readers using Bowker's (1948) symmetry test and the precision within and between 
readers using the average percent error (APE), percent agreement, and bias plots (Campana 
et al. 1995; Hoenig et al. 1995). In situations where two or more of the three age readings 
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agreed, the fish was assigned the age that was in agreement. If all three age readings 
differed, a fourth reading was undertaken through cooperation of the two readers and an 
agreed upon final age was determined. 
Growth Analysis 
For the weight-at-length analysis, growth was analyzed separately by sex as: 
W = aLp, 
where a and /? are the parameters estimated using non-linear regression, W is total weight, 
and L is FL. To meet model assumptions of homogeneity of variance, it was necessary to log 
transform the weight and FL data obtained prior to fitting the linear weight-length regression 
model ln(VK) = a + /? * ln(FL), where a is the ln(a). A likelihood ratio test was used to 
determine if there were differences in the weight-length regression between sexes. Having 
assessed the potential for dimorphic growth, we randomly assigned immature juveniles a sex 
in the frequency of the adult sex ratio. Using a Student's r-test, we assessed if growth in 
weight was isometric (B = 3). 
We constructed length-length relationships because lengths for sheepshead in the 
literature were not consistently measured one way, with some using TL (Schwartz 1990; 
Wenner 1996) and others using FL (Beckman et al. 1991; Murphy and MacDonald 2000; 
Dutka-Gianelli and Murie 2001; Munyandorero et al. 2006). We assumed a linear length-
length relationship, conforming to the regression model, 
y = mx + b, 
where "x" is the length measurement observed (SL, FL, orTL) and "y" is the length 
measurement predicted, and m and b, are the slope and intercept parameters. Prior to 
analysis, all lengths were natural log transformed. 
To characterize the growth of sheepshead in the Chesapeake Bay region, we modeled 
length-at-age using three different families of growth curve functions: the von Bertalanffy 
growth function (VBGF; von Bertalanffy 1938; Ricker 1975), the Gompertz growth function 
(Seber and Wild 1989), and the Schnute growth function (Schnute 1981). The VBGF, 
L(t) = LO0(l-e~^t-^), 
is a three-parameter growth function where L(t)is the FL (in mm) at age t, and t is the age (in 
years) of an individual while L^ (asymptotic or mean maximum fork length), k (Brody growth 
coefficient), and t0 (hypothetical age when length equals zero) are the parameters to be 
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estimated via non-linear regression. Most stock assessment models assume fish growth 
conforms to this function. The Gompertz growth curve function, 
is also a three-parameter model, where L^ remains an estimate of mean maximum length. 
The Schnute growth curve function, 
Vy 
L(t) = %+&-%)££££ 
is a more versatile four-parameter growth model. In this function, L(t) is the FL (in mm) at 
age t, t is the age (in years) of an individual, T1 is the minimum age observed, T2 is the 
maximum age observed, and Lx (length at TX) , L2 (length at T 2 ) , k, and y are parameters 
estimated via non-linear regression. Being a more general model, a unique feature of the 
Schnute growth function is that it reduces to other growth functions, including the VBGF and 
Gompertz growth function, at certain values of the four parameters (Schnute 1981). 
In the development of the appropriate growth function for the population, our first 
step was to determine which growth curve family "best" fit the observed data when sexes are 
modeled separately. To perform this comparison, we used the Akaike information criterion 
(AlC; Akaike 1973) and Bayesian information criterion (BIC; Schwarz 1978) to determine which 
model best fits the data (Burnham and Anderson 2002). Both selection criteria are used due 
to the observation that AlC generally selects models with more parameters than BIC (Quinn 
and Deriso 1999). In addition, we calculated Akaike weights (a>j), using the formula 
(Oi = e~2*i 
where A, are the AlC differences from the minimum AlC value and R represents the three 
growth functions investigated (Burnham and Anderson 2002). Once the most parsimonious 
model was selected, we used Kimura's (1980) likelihood ratio test to determine if there were 
differences in growth curves between the sexes. As with the formation of the weight-length 
regression model, once we had assessed the potential for sexually dimorphic growth, we 
randomly assigned immature juveniles a sex in the frequency of the adult sex ratio to anchor 
the accepted length-at-age models. 
Finally, to characterize our population we modeled weight-at-age similarly using 
three families of weight-at-age growth curve functions, the von Bertalanffy weight-at-age 
growth curve (Quinn and Deriso 1999), the Gompertz growth curve (Seber and Wild 1989), 
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and the Schnute growth curve (Schnute 1981). The von Bertalanffy weight-at-age growth 
function, a combination between the allometric weight-length regression model and the 
VBGF (Quinn and Deriso 1999), 
W(t) = Woa(l-e-k'^-t'>')f 
where the parameter t is the same as before, the parameters k' and t 0 ' are analogous to the 
parameters k and t0 of the VBGF, W is total weight, W^ is the mean maximum (asymptotic) 
weight, and /? is the growth coefficient obtained from the weight-length regression. The 
Gompertz growth curve and the Schnute growth curve are the same as before when used to 
model length-at-age, except all length values are replaced by their corresponding weights. 
Thus, L(t) becomes W(t), or weight at age t, in the Gompertz and Schnute growth functions, 
while Lx becomes M^,or weight at Tlt and L2 becomes W2, or weight at T2 , in the Schnute 
growth function and L«, becomes W<„, or mean maximum weight, in the Gompertz growth 
function. The best-fit model was chosen using the same tests and criteria as for growth in 
length. 
Weight-length regressions, length-at-age, and weight-at-age growth curves 
developed for Chesapeake Bay sheepshead were compared to the growth curves for 
sheepshead in Louisiana (Beckman et al. 1991), Florida (Murphy and MacDonald 2000; Dutka-
Gianelli and Murie 2001; MacDonald et al. In Review, Tim MacDonald, Florida Fish and 
Wildlife Research Institute (FWRI), pers. comm.), and South Carolina (Chris McDonough, 
South Carolina Department of Natural Resources (SC-DNR, pers. comm.). Because sheepshead 
growth curves from the other regions were fit using VBGF, we chose this model for 
comparability among regions. We obtained raw data used by Beckman et al. (1991; 
Louisiana), MacDonald et al. (In Review; Tampa Bay, Florida), Tim MacDonald (FWRI, pers. 
comm.; Atlantic Coast, Florida), and Chris McDonough (SC-DNR, pers. comm.; South Carolina); 
thus comparisons with these models were made using two techniques: likelihood ratio and 
variance ratio tests (Zar 1996). For comparisons to Dutka-Gianelli and Murie (2001; 
Northwest Coast, Florida) and Murphy and MacDonald (2000; Gulf Coast, Florida) it was only 
possible to compare growth curves using the variance ratio test as the raw data were not 
available. 
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Results 
Sampling 
We collected sheepshead (n = 561) ranging in size from 24.5 to 623 mm FL (mean ± 
SD: 364 ± 177) from the Chesapeake Bay region. Two hundred twenty-two were female, 144 
were male, 190 were sexually immature, and five were adults of unknown sex. The female to 
male sex ratio was 1.54:1, which is different from a 1:1 sex ratio (Pearson j 2 Test: ^ 2=16.62, 
df=l , p<0.001), but corresponds well (Pearson x2 Test: j2=0.40, df=l , p=0.526) to the sex 
ratio of Tampa Bay, Florida sheepshead reported by MacDonald (In Review; 1.65 females:l 
male). 
140 
120 
100 
(A 
£ 80 
O 
>_ 
0) 
•g 60 
3 
z 
40 
20 
0 
• Females n = 221 
• Males n = 143 
• Juveniles n= 190 
• Unknown n = 5 
JlllllLilL..—•. B [ i r*"'"j 
i—i—i—i—i—i—i—i—i—i—i—i—r~i—i—r "i—i—i—i—i i i—i—i—i—i—i—i—i—r 
10 15 20 25 
Age (yrs) 
30 35 
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FIGURE 13.—Mean index of completion (± SD) of thin-sectioned otoliths for sheepshead from 
Chesapeake Bay, Northwest Florida, and Louisiana. Chesapeake Bay data from the current 
study, Northwest Florida data from Dutka-Gianelli and Murie (2001) and Louisiana data from 
Beckman et al. (1991). The following are the sample sizes (n) for each month in our analysis: 
Jan=0, Feb=0, Mar=0, Apr=l, May=28, Jun=112, Jul=82, Aug=90, Sep=24, Oct=86, Nov=3, 
Dec=37. 
Age Determination and Marginal Increment Analysis 
Of 561 fish collected, we determined ages for 559 (Figure 12), with two fish (0.36% of 
the total; one male and one female) not aged because of missing otoliths. This had no effect 
on the sex ratio in the aged sample (x2=5xl04, df=l , p=0.98). 
Marginal increment analysis of sheepshead otoliths confirmed that a single opaque 
ring forms annually during the months of May, June and July when the monthly mean 
marginal increment completion indices (C) were 44%, 33%, and 33%, respectively (Figure 13). 
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Chesapeake Bay sheepshead. Each error bar represents the 95% confidence interval about 
the mean age assigned by the first reader (y-axis) for all fish assigned a given age by the 
second reader (x-axis). 
This was less than the overall average percent marginal completion observed in the sample, 
45%. 
Annuli observed in sectioned otoliths were clearest to discern and count along the 
dorsal side of the sulcus (Figure 11). Overall, the APE between all three age readings 
performed by the two readers was 1.60%. When we compared age readings, there was no 
evidence of bias within or between readers (Bowker's symmetry test, p > 0.06) and high 
31 
overall precision (APE within reader = 0.75%, APE between readers = 1.42-1.53%). Bias plots 
showed little biologically meaningful bias (Figure 14). The percent agreement among all 
pairwise comparisons ranged from 77.3-88.9%. The percent agreement to within one year 
was 88-92%. The maximum difference in ages between the three age readings was 3 years. 
Sheepshead ranged from 0 to 35 years old, with a mean (± SD) of 6.5 ± 7.1 years 
(Figure 12) when YOY and 1-yr olds were included. Excluding the YOY and 1-yr old individuals 
captured via fishery independent and study-targeted fisheries, the mean (± SD) age of 
sheepshead collected via the recreational and commercial fisheries was 10.7 ± 6.4 years old, 
with peak numbers at age occurring at 9-yrs old. 
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Growth Analysis 
Weight-Length Regression 
Likelihood ratio tests (x2=1.591, p=0.45) indicated no difference in weight length 
regressions between the sexes, thus sexes were pooled to create a combined weight-length 
regression (n=441; a=-10.77±0.047; /?=3.05±0.008; r2=0.997). A t-test confirmed that the 
beta coefficient was significantly different from three (r=6.11, df=440, p=<0.0001), thus 
sheepshead of Chesapeake Bay exhibited positive allometric growth in weight (Froese 2006). 
The resulting back transformed weight-length regression was W = 2.10 x 1 0 - 5 * FL305 
(Figure 15). 
TABLE 6. 
Source 
—Comparison of weight-length regressions from various regions and this study. 
W-L Coefficients Variance Ratio 
Locality Sex a (J F p-value 
Beckman et al. 
(1991) 
Dutka-Gianelli and 
Murie (2001) 
Murphy and 
MacDonald (2000) 
Louisiana 
Florida: 
Northwest 
Florida: Gulf 
Coast 
MacDonald et al. Florida: Tampa 
(In Review) 
Murphy and 
MacDonald (2000) 
Chris McDonough 
(pers. comm.) 
Schwartz (1990)° 
This Study 
Bay 
Florida: Atlantic 
Coast 
South Carolina 
North Carolina 
Chesapeake Bay 
Male 
Female 
4A8xlO" 2.88 
5.30xl0"5 2.85 
Combined 5.46x10 2.86 
Combined 4.40xl0"5 2.89 
Combined 4.25xl0"5 2.907 
Male 4.06xl0"b 2.911 
Female 3.25x10s 2.953 
Combined 2.24xl0"5 3.024 
Combined 5.47xl0"5 2.88 
Combined 2.96xl0"5 3.045 
Combined 2.10xl0"5 3.047 
4.57 
5.04 
3.08 
3.60 
2.31 
2.64 
2.00 
1.29 
1.31 
1.23 
<0.000 
1 
<0.000 
1 
<0.000 
1 
<0.000 
1 
<0.000 
1 
<0.000 
1 
<0.000 
1 
0.0230 
0.0023 
0.0151 
—Schwartz built weight-length regression using standard length instead of fork length. 
Variance ratio test compared our weight-length regression using standard length (W = 
5.77 x 10~5 x SL2-96) vs. Schwartz weight-length regression. 
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Variance ratio tests confirmed that the weight-length regression for sheepshead of 
Chesapeake Bay was significantly (p=<0.05) different from sheepshead from other regions 
(Table 6). Chesapeake Bay sheepshead were heavier at length than sheepshead of other 
areas, as indicated by their larger beta parameter value (Table 6). 
Length-Length Regression 
Likelihood ratio tests showed no differences in length-length regressions between 
sexes, and linear regressions were all highly significant, with coefficients of determinations for 
all regressions in excess of 0.998 (Table 7). 
TABLE 7.—Length-length regressions for sheepshead from Chesapeake Bay, Virginia. Values 
in parenthesis are SE. Kimura's test refers to the result of the likelihood ratio test to 
determine if there are differences in regressions between the sexes. 
Y = mx + b Kimura 
Y 
Ln(SL) 
Ln(SL) 
Ln(FL) 
Ln(FL) 
Ln(TL) 
Ln(TL) 
X 
Ln(FL) 
Ln(TL) 
Ln(SL) 
Ln(TL) 
Ln(SL) 
Ln(FL) 
n 
539 
540 
539 
550 
540 
550 
a 
-0.345 (0.012) 
-0.317 (0.011) 
0.346 (0.011) 
0.029 (0.006) 
0.325 (0.011) 
-0.026 (0.006) 
B 
1.030 (0.002) 
1.011 (0.002) 
0.968 (0.002) 
0.981 (0.001) 
0.987 (0.002) 
1.019 (0.001) 
R2 
0.998 
0.998 
0.998 
0.999 
0.998 
0.999 
x2 
0.721 
0.006 
0.089 
2.706 
0.475 
4.122 
p-value 
0.697 
0.997 
0.956 
0.258 
0.789 
0.127 
Length-at-Age Regression 
The model selection criteria (AIC and BIC) both selected the Schnute growth function 
as the most appropriate growth curve model for describing the length-at-age relationship of 
Chesapeake Bay sheepshead. Akaike weights suggested there was little evidence of support 
for either the VBGF or Gompertz growth function when compared to the Schnute (Table 8). 
Further, Kimura's likelihood ratio test (x2=11.91, df=4, p=0.018) indicated there was sexually 
dimorphic growth, thus it was not possible to pool sexes to develop a single length-at-age 
growth curve to describe the growth of Chesapeake Bay sheepshead. The resulting Schnute 
(1981) growth curve functions were 
TABLE 8.—Length-at-age growth curve models developed for Chesapeake Bay sheepshead. Three models were investigated, the Gompertz 
growth function, the VBGF, and the Schnute growth function. We provide parameter estimates (SE). AlC and BIC selection procedures 
denote which growth model was the best model to describe the length-at-age relationship of Chesapeake Bay sheepshead. Kimura's 
likelihood ratio test was used to investigate the potential for dimorphic growth between the sexes. 
Sex n AlC* O)* BIC* Li i«o or L2 
Parameters 
k h Kory 
Kimura 
X2 p-value 
Male 
Female 
Combined 
Male 
Female 
Combined 
Male 
Female 
Combined 
215 
332 
551 
215 
332 
551 
215 
332 
551 
5579 <0.0001 5609 
5492 <0.0001 5522 
5467 >0.9999 5506 
108 (4.88) 
117 (4.00) 
114(3.11) 
Gompertz 
525 (4.72) 0.462 (0.021) 
544 (4.08) 0.426 (0.019) 
537 (3.11) 0.433 (0.014) 
von Bertalanffy 
537 (5.06) 0.305 (0.014) 
556 (4.50) 0.281 (0.012) 
550 (3.38) 0.288 (0.009) 
Schnute 
549 (6.91) 0.225 (0.025) 
573 (6.88) 0.186 (0.020) 
565 (4.94) 0.197 (0.015) 
0.669 (0.041) 
0.595 (0.033) 
0.612 (0.025) 10.48 
-0.770 (0.055) 
-0.895 (0.054) 
-0.855 (0.039) 
1.59 (0.186) 
1.77 (0.158) 
1.73(0.120) 11.91 
* - Determined from the sexes different growth model since Kimura's likelihood ratio test suggests dimorphic growth between sexes. 
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FIGURE 16.—a) Schnute growth models for males and females and b) the sexes combined 
growth curve models for the von Bertalanffy, Gompertz, and Schnute growth curves for 
Chesapeake Bay region sheepshead. 
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and 
Male: L{t) = 
Female: L(t) = 
1081-59 + (549 1 5 9 - 1081 5 9) l _ e - 0 225(t -T 1 ) l - e -O^ZSCTz-T i ) 
Vi.. 59 
1 „ -0 .186( t -T i ) 
117 1 7 7 + (573 1 7 7 - 1171 7 7) 1 _ e 
Vi. 77 
l -g-O. lSSCTz-T!) 
(Table 8 and Figure 16a). For the Chesapeake Bay population of sheepshead, females 
attained greater maximum length-at-age, especially after age 8-10 (Figure 16a). 
AIC and BIC both selected the VBGF as the second most appropriate growth curve 
model for describing the length-at-age relationship of Chesapeake Bay sheepshead (Table 8). 
This function also fits the data well and, thus, can be used for among population growth 
comparisons between regions where it has already been applied (Figure 16b). As Kimura's 
likelihood ratio test (x2=12.17, df=3, p=0.007) suggests sexually dimorphic growth, when 
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FIGURE 17.—Current study and literature reported von Bertalanffy length-at-age growth 
models for sheepshead. 
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comparing to other studies, we modeled the Chesapeake Bay sheepshead sexes separately. 
The resulting VBGFs for Chesapeake Bay sheepshead were 
Male: L(t) = 537( l - e"0-305^""0-770)) 
and 
Female: L(t) = 556(1 -
 e-o.28i(t--o.895))_ 
The VBGFs for male and female Chesapeake Bay sheepshead were different 
(p<0.0001 for all comparisons using either Kimura's likelihood ratio test or the variance ratio 
test) from all VBGFs developed in other regions. Chesapeake Bay sheepshead, regardless of 
sex, were longer-at-age than sheepshead of all other regions after approximately age 2, with 
differences between lengths-at-age becoming more pronounced as age increases (Figure 17). 
The Loo for Chesapeake Bay sheepshead was approximately 40 to 175 mm greater than the 
Loo reported for other regions (Table 9). 
Weight-at-Age Regression 
The model selection criteria (AIC and BIC) both selected the von Bertalanffy weight-at-age 
growth function as the most appropriate growth curve for describing the weight-at-age 
relationship of Chesapeake Bay sheepshead. Akaike weights suggested there was substantial 
evidence of support for either the von Bertalanffy weight-at-age or Schnute growth functions 
when modeling the weight-at-age relationship (Table 10). A likelihood ratio test (x2=29.80, 
df=3, p=<0.0001) showed there was sexually dimorphic growth, thus it was not possible to 
pool sexes to develop a single weight-at-age growth curve. The resulting von Bertalanffy 
weight-at-age growth curve models were Male: W(t) = 4433 * ( l —
 e
_ 0
-
2 7 2
* ( t + 1 1 7 ) ) 
and 
Female: W(t) = 5331 * ( l -
 e-o.2i4.(t+i.59))3-05 
(Table 10 and Figure 18a). For Chesapeake Bay sheepshead, females were generally heavier-
at-age than males after age 9-10, with the average maximum weight of females being 
approximately one kg heavier than males (Figure 18a). 
When we compared our von Bertalanffy weight-at-age model for each sex to data 
reported for other areas, our models differed (p<0.0001 for all comparisons using either 
likelihood ratio or variance ratio tests) from all reported weight-at-age models. Chesapeake 
TABLE 9.—Von Bertalanffy growth curve parameters, maximum fork lengths, maximum ages, and ageing validation studies reported for 
sheepshead (Ml=marginal increment analysis and CL=chemical labeling using oxytetracycline and calcein). 
Source 
Matlock (1992)a 
Beckmanetal. (1991) 
Dutka-Gianelli & Murie (2001) 
Murphy & MacDonald (2000) 
MacDonald et al. (In Review) 
Tim MacDonald (pers. comm.) 
Murphy & MacDonald (2000) 
Tim MacDonald (pers. comm.) 
Chris McDonough (pers. comm.) 
Schwartz (1990) 
This Study 
Location 
Texas 
Louisiana 
Florida: Northwest 
Florida: Gulf Coast 
Florida: Tampa Bay 
Florida: Tampa Bay 
Florida: Atlantic Coast 
Florida: Indian River 
Lagoon 
South Carolina 
North Carolina 
Chesapeake Bay 
Sex 
Combined 
Male 
Female 
Combined 
Combined 
Male 
Female 
Combined 
Combined 
Male 
Female 
Combined 
Male 
Female 
Combined 
Combined 
Male 
Female 
Loo 
437b 
419 
447 
490 
451 
425 
428 
441 
381 
-
-
381 
-
-
498 
-
537 
556 
k 
0.36 
0.42 
0.37 
0.26 
0.24 
0.24 
0.26 
0.22 
0.39 
-
-
0.33 
-
-
0.30 
-
0.31 
0.28 
*0 
-0.90 
-1.03 
-0.42 
-1.17 
-1.32 
-1.11 
-1.48 
-1.13 
-
-
-1.18 
-
-
-1.10 
-
-0.77 
-0.90 
Max FL (mm) 
505b 
505 
560 
522 
-
452 
399 
523 
-
495 
491 
495 
567 
603 
603 
657b 
594 
623 
Max Age (yrs) 
-
20 
20 
14 
13-16 
14 
13 
15 
13-16 
21 
17 
21 
19 
23 
23 
8C 
35 
35 
Age Validation 
-
Ml 
Ml 
Ml, CL 
-
Ml 
Ml 
Ml 
-
Ml 
Ml 
Ml 
Ml 
Ml 
Ml 
-
Ml 
Ml 
a
—Used mark-recapture version of von Bertalanffy growth model Lr — Lm + (L^ - Lm) * ( l — e_fcd) where L r is total length at recapture, 
Lm is total length at marking, d is the number of days between mark and recapture, and Lm and k are defined as in the text. 
b
—Lengths originally reported as total length. Converted to fork length using the length-length regression in this study. 
c
—Maximum age was determined through the analysis of scales. 
00 
oo 
TABLE 10.—Weight-at-age growth curve models developed for Chesapeake Bay sheepshead. Three models were investigated, the Gompertz 
growth model, the von Bertalanffy weight-at-age growth model, and the Schnute growth model. We provide parameter estimates (SE). AlC 
and BIC selection procedures denote which growth model was the best model to describe the length-at-age relationship of Chesapeake Bay 
sheepshead. A likelihood ratio test was used to investigate the potential for dimorphic growth between the sexes. 
Sex 
Parameters Kimura 
AlC* Oil* BIC W j 
28.0(70.1) 
72.5(52.6) 
45.3 (44.0) 
W„ or W2 k' 
Gompertz 
4413 (120) 0.342 (0.026) 
5213 (98) 0.268 (0.014) 
4980 (79) 0.280 (0.012) 
von Bertalanffy 
4433 (131) 0.272 (0.021) 
5331 (109) 0.214 (0.011) 
5105 (88) 0.222 (0.010) 
Schnute 
4541 (166) 0.220 (0.041) 
5416 (137) 0.181 (0.025) 
5256(115) 0.171(0.019) 
to' 
-1.17 (0.294) 
-1.59 (0.234) 
-1.55 (0.193) 
X,PorY 
1.18(0.182) 
0.91 (0.090) 
0.94 (0.078) 
3.05 
3.05 
3.05 
0.590 (0.213) 
0.541 (0.154) 
0.642 (0.116) 
x2 
28.21 
29.80 
26.61 
p-value 
<0.0001 
<0.0001 
<0.0001 
Male 
Female 
Combined 
Male 
Female 
Combined 
Male 
Female 
Combined 
168 
275 
448 
168 
275 
448 
168 
275 
448 
6875 0.0034 6904 
6864 0.6397 6893 
6866 0.3570 6902 
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FIGURE 18.—a) von Bertalanffy weight-at-age growth curves for male and female sheepshead 
of the Chesapeake Bay and b) all von Bertalanffy weight-at-age growth curves reported for 
sheepshead in the literature. 
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Bay sheepshead, regardless of sex, were heavier-at-age than sheepshead of all other regions 
after approximately age two, with differences becoming more pronounced with age (Figure 
18b). The W^ parameter for Chesapeake Bay sheepshead was approximately 0.5-4.5 kg 
greater than the W^ parameters reported in other regions (Table 11). 
Discussion 
Results from this study and others suggest otolith-based age estimates for 
sheepshead are typically precise and likely to be accurate. The percent agreement in the 
current study (77.3-88.9%) compares favorably with the observed aging precision of 
sheepshead from the northwest coast of Florida (98.8%; Dutka-Gianelli and Murie 2001), 
from Louisiana (75%; Beckman et al. 1991), and from South Carolina (77.4%, Chris 
McDonough, SC-DNR, pers. comm.). Further, throughout their U.S. range, there appears to 
be some consistency in period of annulus formation, with annulus formation occurring in the 
spring to early summer months, though there does appear to be some regional differences in 
peak month of annulus formation. Our observed period of annulus formation (May-July) is 
delayed compared to the time of annulus deposition for sheepshead off Louisiana (April-May; 
Beckman et al. 1991) and the northwest coast of Florida (March-May; Dutka-Gianelli and 
Murie 2001). However, it was similar to the time of annulus formation reported for 
sheepshead from Tampa Bay, Florida (May-June; MacDonald et al. In Review) and South 
Carolina (May-June, Chris McDonough, SC-DNR, pers. comm.). 
Chesapeake Bay sheepshead are older than sheepshead in other regions, with a 
maximum observed age of 35 years old. While many authors had speculated that 
sheepshead could live in excess of 20 years (e.g. Beckman et al. 1991), few had actually 
illustrated that 
sheepshead were attaining greater ages (Beckman et al. 1991; Tim MacDonald, FWRI, pers. 
comm.; Chris McDonough, SC-DNR, pers. comm.) and none had suggested they would live to 
thirty or more years of age as we show in the present study. The expanded age structure of 
Chesapeake Bay sheepshead compared to other regions could be the result of light fishing 
pressure operating on the population over the past 30 years. It is plausible that if fishing 
mortality were reduced in other studied areas, that these populations could recover and 
exhibit similar age structures and maximum life spans. Under this scenario, current 
differences would be due to the truncation of age structures caused by heavy fishing pressure 
TABLE 11.—Von Bertalanffy weight-at-age growth curve parameters and maximum weights (g) reported for sheepshead. 
Source Location Sex We k' to' Max Wt (g) 
Beckmanetal. (1991) Louisiana 
Dutka-Gianelli & Murie (2001) Florida: Northwest 
Chris McDonough (SC-DNR, pers. comm.) South Carolina 
This Study Chesapeake Bay 
Male 
Female 
Combined 
Male 
Female 
Combined 
Male 
Female 
1900 
2557 
2731 
3763 
4165 
3922 
4433 
5331 
0.28 
0.22 
0.25 
0.16 
0.13 
0.15 
0.27 
0.21 
-2.66 
-3.06 
-0.53 
-0.59 
-0.31 
-0.474 
-1.17 
-1.59 
2.88 
2.86 
2.89 
2.88 
2.87 
2.88 
3.05 
3.05 
3005 
4139 
4853 
5585 
7727 
9006 
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in areas outside of Chesapeake Bay. 
Such longevity also signifies that these fish are adapted for infrequent successful 
recruitment events. Maximizing lifespan, thus providing a longer period of life spent in a 
reproductively active state, increases the probability that in any one-year conditions will be 
adequate to allow for a successful recruitment event. A similar pattern of maximizing life 
span to overcome infrequent successful recruitment events is seen in a population of black 
drum, Pogonias cromis, inhabiting the Chesapeake Bay region (Jones and Wells 1998). Other 
equally plausible reasons for the observed differences in age structure and maximum age in 
our population compared to other areas are differences in genetics and natural mortality 
rates. 
Results from the length-at-age analysis highlight the need for appropriate a priori 
model development when properly evaluating the dynamics of the population in question. 
All previous studies that evaluated the growth of sheepshead (Beckman et al. 1991; Murphy 
and MacDonald 2000; Dutka-Gianelli and Murie 2001; MacDonald et al. In Review; Chris 
McDonough, SC-DNR, pers. comm.; Tim MacDonald, FWRI, pers. comm.) selected the VBGF 
a priori as the only model to be evaluated. However, when there is an a priori decision to 
only evaluate a single growth model, say the VBGF, and it is not the "best" growth model for 
the population in question, one may obtain biased point estimates and a false evaluation of 
the precision of growth parameters (Katsanevakis and Maravelias 2008). Thus, it is not 
possible to judge the potential for bias or correctly interpret the precision of growth 
parameters in earlier sheepshead growth studies. By evaluating the weight of evidence for 
each model using AIC, BIC and the Akaike weights and subsequently choosing the superior 
model, we obtained parameter estimates that are the least biased and best characterizes 
the uncertainty about the estimates (Burnham and Anderson 2002), which is what is needed 
for accurately characterizing the growth of individuals in the population. Both information 
criterion employed, the AIC and BIC, suggest that the Schnute growth function is superior to 
either the VBGF or Gompertz function in describing the length-at-age relationship of 
Chesapeake Bay region sheepshead. When the Akaike weights are analyzed, there is little 
support that either the Gompertz or the von Bertalanffy length-at-age models are the "best" 
model. Hence we suggest that this population be monitored using the Schnute model. 
Despite these reservations, by necessity, comparison to the length-at-age growth 
curves to other regions was accomplished via the comparison of our second best length-at-
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age model because VBGFs were reported previously for other regions. Although the 
maximum FL (623 mm) observed in Chesapeake Bay is similar to the maximum sizes seen in 
North Carolina (657 mm FL; Schwartz 1990) and South Carolina (603 mm FL; Chris 
McDonough, SC-DNR, pers. comm.), it is greater than the maximum FL observed in other 
areas. Further, our growth curve comparisons among regions imply that in every case the 
length-at-age relationship of our sheepshead is different from other regions. Using any of 
the tested models, Chesapeake Bay sheepshead are larger-at-age and attain larger 
maximum sizes than sheepshead in other regions. Direct comparison of our weight-at-age 
model to the weight-at-age growth models of Beckman et al. (1991), Dutka-Gianelli and 
Murie (2001), and Chris McDonough (SC-DNR, pers. comm.) is more straightforward, as the 
AIC and BIC selected best model (the von Bertalanffy weight-at-age model) corresponds to 
the model reported in these studies. However, Akaike weights indicate there is also 
substantial support for the Schnute growth model as being the best model conditional on 
our data. Von Bertalanffy weight-at-age growth curve comparisons imply differences in 
growth among regions that are even greater for weight-at-age than for length-at-age, with 
Chesapeake Bay sheepshead exhibiting increased weight-at-age and mean maximum weight 
compared to all other regions. 
Modern computers now allow for easy application of different models, and for 
model comparison, which enhances our ability to find the best-fit parsimonious model. 
Moreover, limitations of VBGF are well documented (Knight 1968; Roff 1980), especially its 
lack of fit for studies of early life growth (Gamito 1998), that argue for a broader search 
among available growth models. Thus, we agree with Cailliet et al. (2006) who suggest the 
need to use multiple growth models to evaluate growth characteristics of a given species 
when what is sought is the characterization of growth of a population or comparison 
between populations. Appropriate models for consideration should be selected using 
several criteria, including their biological reality, the statistical basis of their fit, and 
convenience (Moreau 1987). We followed these recommendations and have undertaken 
model comparisons in this study of sheepshead using a suite of asymptotic models. 
Because of the historic use of the VBGF, this model has been applied in ecologically-
oriented studies to characterize fish growth seemingly without evaluation of more 
appropriate models. In the case of Chesapeake Bay region sheepshead, when alternative 
models were investigated, the Schnute growth function provided the most parsimonious fit 
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to our data set. Thus for monitoring specific populations over time, as we intend with 
sheepshead, we would recommend the approach of evaluating multiple models. 
However, a blanket condemnation of fitting growth with the VBGF confuses the valid 
use of this model, and its purpose for stock assessment. Beverton and Holt (1957, p. 31) 
choose the VBGF not only because it provided a good fit to their fish, but also because it was 
mathematically tractable and provided a physiological interpretation. The VBGF can easily be 
converted between length and weight to provide an analytic solution to establish the yield 
equation over the fishable lifespan of a cohort (Beverton and Holt 1957, p. 34-38). 
Subsequently, the yield equation is then used to evaluate biological reference points (FMSY, 
FMAX, F01 and tr), that inform management advice to sustain the fishery. When the purpose 
of a study is to subsequently provide biological reference points for management of a 
fishery, then use of the VBGF has enormous value. The next step in our research on 
sheepshead will be to evaluate these reference points and that was an important motivation 
in fitting the VBGF. 
In conclusion, taken together, our data strongly supports local-population status for 
Chesapeake Bay region sheepshead. Were Chesapeake Bay sheepshead to mix with those of 
other areas, then size-at-age and growth functions would become indistinguishable. 
Moreover, our maximum age differences would not be maintained. Given these results, 
Chesapeake Bay sheepshead should be managed as a unit stock with its own mortality, 
growth rate, and age structure unless proven otherwise by appropriate genetic tests. 
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REPRODUCTION IN SHEEPSHEAD, ARCHOSARGUS PROBATOCEPHALUS, FROM THE U.S. 
MID-ATLANTIC REGION 
Introduction 
Information that is essential for developing effective management of any species is a 
comprehensive understanding of their reproductive biology. This is particularly true for 
members of the family Sparidae, as in general members of this family exhibit some of the 
most varied reproductive strategies observed in all families of fishes. Atz (1964) suggests 
that hermaphroditism finds its most complex expression among this family, with all gambits 
of reproduction being observed, from simultaneous, protandrous and protogynous 
hermaphrodites to various grades of rudimentary hermaphroditism in which individuals 
develop into functional gonochorists (Buxton and Garratt 1990; Render and Wilson 1992b). 
Of the over 100 members of the Sparidae family found worldwide in tropical and 
temperate inshore waters, approximately 22 of those species can be found in western 
Atlantic waters, four of which are known to occur in the Chesapeake Bay region: 
Archosargus probatocephalus, Diplodus holbrooki, Lagodon rhomboides, Stenotomus 
chrysops (Johnson 1978). One of these, Archosargus probatocephalus, or sheepshead, have 
seen an increase in harvest rates in recent years, suggesting a need for increased 
management of this species in mid-Atlantic waters in the future. 
Researchers have undertaken few comprehensive studies of sheepshead 
reproductive biology in the past, with the most detailed studies occurring on sheepshead 
from Louisiana (Render and Wilson 1992a; Render and Wilson 1992b) and South Carolina 
(Chris McDonough, South Carolina Department of Natural Resources (SC-DNR), pers. 
comm.). From these studies, researchers postulated that sheepshead were batch spawners 
who underwent spawning in the late winter and spring months along the southeast Atlantic 
and the gulf coast of the United States (Rathbun 1892; Simmons 1957; Springer and 
Woodburn 1960; Christmas and Waller 1973; Johnson 1978; Jennings 1985; Tucker 1987). 
This spawning period was inferred through studies of ovarian development (Hildebrand and 
Cable 1938; Render and Wilson 1992a; Chris McDonough, SC-DNR, pers. comm.), timing of 
spawning aggregations (Galloway and Martin 1982), and temporal size distribution of young-
of-year (YOY) sheepshead through the year (Hildebrand and Cable 1938; Springer and 
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Woodburn 1960; Christmas and Waller 1973; Chris McDonough, SC-DNR, pers. comm.). 
During this spawning season, though it was originally stated that sheepshead spawn along 
sandy shores (Rathbun 1892), most research indicates that sheepshead spawn offshore, 
then the pelagic eggs are advected into the nearshore and estuarine systems (Springer and 
Woodburn 1960; Johnson 1978; Galloway and Martin 1982; Jennings 1985; Chris 
McDonough, SC-DNR, pers. comm.). One additional study of sheepshead in and around the 
Lake Pontchartrain region of Louisiana suggests that some individuals may undergo active 
spawning in estuarine systems (Render and Wilson 1992a). The majority of male and 
female sheepshead appear to be mature by 2 years of age along the southeast Atlantic and 
the gulf coasts (Tucker 1987; Render and Wilson 1992a; Chris McDonough, SC-DNR, pers. 
comm.). 
No such reproductive studies of sheepshead have occurred on populations found 
north of Cape Hatteras. Analysis of age and growth data suggests that sheepshead of the 
Chesapeake Bay region represent a distinct population from sheepshead found south of 
Cape Hatteras (Chapter 2), thus there is the potential for differences in the reproductive 
biology of Chesapeake Bay region sheepshead compared to the reproductive biology of 
sheepshead found along the southeast Atlantic and gulf coasts of the United States. These 
potential differences need evaluation to devise effective management strategies for this 
population. Thus, the objectives of the current study were to determine basic reproductive 
metrics, including: 1) the sex ratio, 2) the age and length of maturity, 3) the reproductive 
strategy (batch versus total spawner), and 4) the spawning season of Chesapeake Bay region 
sheepshead and subsequently 5) compare our results to what is known about sheepshead 
reproduction in other regions. 
Methods 
Sampling 
We collected sheepshead from recreational, commercial, and fishery-independent 
sampling from April 2006 through August 2009 from Virginia waters of the Chesapeake Bay 
and the surrounding coastal ocean. Recreational anglers caught sheepshead via hook-and-
line, spearfishing, or minnow traps, while commercial anglers used gillnets, pound nets, haul 
seines, trawls, and eel pots. These fisheries-dependent samples were obtained both fresh 
and frozen. We conducted fishery-independent sampling of sheepshead using otter trawls 
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on shallow seagrass beds of the middle and lower Chesapeake Bay in a targeted study of 
immature individuals (Chapter 2). We collected only young-of-the-year (YOY) and 1-yr old 
sheepshead in the fishery-independent samples. For all collections, we recorded total length 
(TL, mm) fork length (FL, mm), standard length (SL, mm) and total weight (W, g). We 
determined sex and maturity via a gross examination of gonadal tissue. If an individual 
could be identified as either male or female via macroscopic examination, it was deemed 
mature, and if not immature. Subsequently, of those individuals identified as being mature, 
if female and the sample was of sufficient quality (i.e. not frozen), we removed the ovary for 
preservation and subsequent histological examination. 
Age Determination 
We removed, cleaned and then mounted the sagittal otoliths to a microscope slide for 
sectioning. Using a low-speed Buehler Isomer saw, we obtained a transverse thin-section 
(~0.4 mm width) through the core, which we subsequently mounted in Flo-Texx* to a 
microscope slide for aging. Ages for all fish collected from 2006 through 2008 were reported 
in Chapter 2. Fish collected in 2009 were aged using the same techniques. 
Sex Ratio and Age/Length at Maturity 
We evaluated the sex ratio based on macroscopic examination. Initially, we tested 
to see if the overall sex ratio of females to males differed from one using a Chi-squared 
goodness of fit test and all data combined. Subsequently, we investigated the possibility of 
age specific differences in the sex ratio using the same test for all ages with sample sizes 
greater than or equal to ten. 
For the determination of ages and lengths at maturity, we modeled the percent 
mature as a function of age or length (in 25 mm intervals), respectively, using logistic 
regression. We calculated the age and length at 50% maturity for the sexes combined and 
sexes separately, again using logistic regression. When modeling the sexes separately, we 
randomly assigned immature individuals an assumed sex based on the overall adult sex ratio 
observed in the population. We used a two-sample t-test assuming equal variance to 
determine whether the age or length at 50% maturity significantly differed between the 
sexes. 
TABLE 12.—Classification system used to determine the phase of sheepshead female ovary development. Adapted after Brown-Peterson et al. 
(2007). PG = primary growth oocytes, CA = cortical alveoli, PY = partially yolked/early vitellogenic oocytes, V = vitellogenic/fully yolked oocytes, H 
- hydrated oocytes, POF = post ovulatory follicles. 
Phase Description Previous terminology Characteristics 
Immature 
Developing 
Never spawned Immature, virgin 
Gonads beginning to Maturing, early developing, 
develop, will not early maturation, ripening, 
spawn soon previtellogenesis 
Only oogonia and primary growth oocytes present, including 
chromatin nucleolar and perinucleolar oocytes. Usually no atresia 
Oocytes in the PG, CA, and/or PY stages may be present. No 
evidence of POFs. Some atresia can be present. 
Spawning Fish will spawn in this Late developing, late 
Capable cycle (or season) maturation, late ripening, 
gravid, vitellogenesis 
Vitellogenic oocytes present. Some atresia may be present. V 
oocytes prevalent (with or without evidence of previous spawning, 
POFs) or early vitellogenic oocytes (with evidence of previous 
spawning (POFs)). Les developed oocytes often present 
Spawning Imminent, active or Ripe, running ripe, FOM, 
recent spawning spawning 
Ovulating (spawning) or approximately 12 hrs prior to or after 
spawning as indicated by H or POFs < ~12 hrs old. Atresia of V/H 
oocytes may be present. 
Regressing Cessation of spawning Spent, regression, post 
spawning, recovering 
Atresia present (any stage). Vitellogenic oocytes undergoing alpha 
or beta atresia common. Less-developed oocytes often present. 
POFs may be present. 
Regenerating Sexually mature, 
reproductively 
inactive 
Resting, regressed, recovering Only PG oocytes present. Muscle bundles, enlarged blood vessels, 
thick ovarian wall and/or gamma, delta atresia, may be present. 
50 
Histological Sample Preparation and Interpretation 
After removal, we weighed the ovary to the nearest 0.1 g prior to preservation in 10% 
neutrally buffered formalin. Once preserved, we excised a small, approximately 1 cm3, 
section of ovarian tissue from a random portion of one of the ovarian lobes. Previous 
research shows no differences in the distribution of oocyte stages within or between lobes 
(Render and Wilson 1992a). We rinsed the excised tissue three times with water for a period 
of 30 minutes for each rinse prior to transfer to ethanol for storage. The standard histological 
techniques of Humason (1967) were used in the preparation of histological slides. Sections 
were embedded in paraffin, sectioned on a microtome, stained with Gill's hematoxylin and 
counterstained with eosin. 
We assessed oocyte stages microscopically, for which we followed the terminology of 
Brown-Peterson et al. (2007). Oocytes were identified as either primary growth oocytes (PG), 
cortical alveoli (CA), early vitellogenic/partially yolked (PY) oocytes, late vitellogenic/fully 
yolked (V) oocytes, hydrated (H) oocytes, or post ovulatory follicles (POF). We also identified 
two atretic stages of oocytes, alpha and beta. Based on the occurrence and relative 
abundance of various stages of oocyte development in the ovary, we classified the ovary to 
phase. The ovary phases were defined as in Brown-Peterson et al. (Table 12; 2007). 
Results 
Sampling 
We collected sheepshead (n=613) ranging in size from 24.5 to 623 mm FL (mean ± SD: 
370.7 ± 174.3) from the Chesapeake Bay region. Of these fish, 299 were from the 
recreational fishery, 252 from the commercial, and 62 from fishery-independent sampling. By 
sex, 166 were male, 243 were female, 194 were sexually immature, and ten were adults of 
unknown sex. 
Sex Ratio and Age/Length at Maturity 
The overall female to male sex ratio was 1.46:1, which was significantly different from 
a 1:1 sex ratio (Pearson x2 Test: x2 = 14.50, df = 1, p = 0.0001). This corresponded to 
approximately 58.5% of the adult population being female, with 41.5% being male. 
Moreover, when compared to the sex ratio recently observed in Tampa Bay, Florida for 
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TABLE 13.—Sex ratio at age observed for Chesapeake Bay sheepshead. We included only age 
groups for which we sexed 10 or more individuals in the analysis. 
Age n Juv. Unknown Males Females Female:Male Ratio Chi-Squared p-value 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
13 
14 
15 
16 
18 
90 
23 
22 
11 
33 
24 
24 
24 
37 
33 
27 
10 
10 
15 
14 
13 
43 
11 
3 
-
-
-
-
-
-
-
-
-
-
-
-
— 
-
-
-
-
-
-
-
-
-
2 
-
-
-
2 
1 
— 
11 
6 
11 
6 
17 
15 
12 
9 
15 
9 
8 
4 
5 
0 
3 
10 
36 
6 
8 
5 
16 
9 
12 
15 
22 
22 
19 
6 
5 
13 
10 
3 
3.27 
1.00 
0.73 
0.83 
0.94 
0.60 
1.00 
1.67 
1.47 
2.44 
2.38 
1.50 
1.00 
o o 
3.33 
0.30 
13.30 
0.00 
0.47 
0.09 
0.03 
1.50 
0.00 
1.50 
1.32 
5.45 
4.48 
0.40 
0.00 
13.00 
3.77 
3.77 
0.0003 
>0.999 
0.4913 
0.7630 
0.8618 
0.2207 
>0.999 
0.2207 
0.2498 
0.0196' 
0.0343' 
0.5271 
>0.999 
0.0003' 
0.0522 
0.0522 
* - Indicates the observed sex ratio at age is significantly different from 1:1 
TABLE 14.—Age (in years) at 50% maturity calculated for Chesapeake Bay sheepshead when 
sexes are combined or modeled separately. 
Group 
Combine 
d 
Male 
Female 
Individuals 
(n) 
597 
241 
356 
Age Classes 
(n) 
32 
26 
30 
Age at 50 % 
Maturity 
1.53 
1.51 
1.62 
95% Confidence 
Interval 
Lower 
1.31 
1.37 
1.32 
Upper 
1.76 
1.66 
1.92 
sheepshead reported by MacDonald ((In Review; 1.65 females:l male), there was no 
difference between these two studies (Pearson x2 Test: x2 = 1-41, df = 1, p = 0.2343). With 
age-specific sex ratios (Table 13), a general trend is evident where we see the number of 
males being equal or greater than the number of females between ages 2-7, after which 
females become more prevalent than males. However, in all cases where we observed a 
significant difference in the male to female ratio, females out number males (Table 13). 
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Age (Years) 
FIGURE 19.—Observed and predicted percent mature at age for Chesapeake Bay region 
sheepshead for (A) sexes combined, (B) females, and (C) males. Dotted lines denote the point 
estimate of age at 50% maturity, in this case 1.52,1.62, and 1.51 years for sexes combined, 
females, and males, respectively. 
When we combined sexes and data from 32 age classes, the age of 50% maturity was 
approximately 1.53 years (Table 14 and Figure 19a). The age at 50% maturity for females and 
males from sex-specific regressions was 1.62 and 1.51 years, respectively (Figure 19b and 
Figure 19c), which was not statistically significant (Two sample t-test: t0=0.6180, df=54, 
p=0.5390). Further, all males and females in our sample were mature by four years of age. 
Length at maturity followed a similar pattern as age at maturity, with no difference (Two 
sample f-test: t0=0.6348, df=46, p=0.5282) in the length at 50% maturity between the sexes 
(Table 15) showing that there was overlap in size at maturity between the sexes. The length 
at 50% maturity for females, males, and sexes combined were 257, 280, and 256 mm FL, 
respectively (Figure 20). All male sheepshead were mature by 325 mm FL, while all females 
were mature by 350 mm FL. 
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TABLE 15.—Length (in mm FL) at 50% maturity calculated for Chesapeake Bay sheepshead 
when sexes are combined or modeled separately. 
Group 
Combine 
d 
Male 
Female 
Individuals 
(n) 
597 
243 
354 
Length Classes 
(n) 
25 
24 
24 
Length at 50% 
Maturity 
256 
280 
257 
95% Confidence 
Interval 
Lower 
249 
250 
243 
Upper 
264 
312 
272 
(A) 
/' 
• 
a 06 
s 
SS 04 
0 50 100 150 200 250 300 350 400 450 500 550 600 
Fork Length (mm) 
s 
5= 04 
(B) # 
/ • 
50 100 150 200 250 300 350 400 450 500 550 600 
Age (Years) 
(C) 
• / 
50 100 150 200 250 300 350 400 450 500 550 600 
Age (Years) 
FIGURE 20.—Observed and predicted percent mature at length for Chesapeake Bay region 
sheepshead for (A) sexes combined, (B) females, and (C) males. Dotted lines denote the point 
estimate of length at 50% maturity, in this case 256, 257, and 280 mm fork length for sexes 
combined, females, and males, respectively. 
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TABLE 16.—Distribution of spawning stage by month for Chesapeake Bay female sheepshead. 
Fish identified as spawning capable or actively spawning indicate the timing of the spawning 
season. 
Month 
Jan 
Feb 
Mar 
April 
May 
Jun 
Jul 
Aug 
Sept 
Oct 
Nov 
Dec 
Total 
Developing 
-
-
-
-
0 
1 
0 
0 
0 
0 
-
11 
12 
Spawning Stage 
Spawning Capable 
-
-
-
-
1 
10 
0 
0 
0 
0 
-
6 
17 
Spawning 
-
-
-
-
0 
5 
0 
0 
0 
0 
-
0 
5 
Regressing 
-
-
-
-
4 
13 
1 
0 
1 
0 
-
0 
19 
Regenerating 
-
-
-
-
1 
11 
13 
25 
8 
1 
-
9 
68 
Total 
-
-
-
-
6 
40 
14 
25 
9 
1 
-
26 
121 
Histological Analysis 
In total, we examined histological sections from 161 sheepshead macroscopically 
identified as females. No spermatogenic tissue was evident in any of these sections, 
indicating no evidence of protogynous hermaphroditism. We identified 40 as virgin 
(immature) females, having never previously spawned, but they would have presumably 
spawned in the next spawning season. The remaining samples were collected from seven 
months out of the year and we identified representatives of all spawning classes (Table 16). 
Upon histological examination, it became readily apparent that Chesapeake Bay region 
sheepshead are batch spawners, as evidenced by the presence of multiple stages of oocyte 
development in the ovary at any one time during the spawning season (Figure 21). By 
observing the distribution of oocyte classes across the months of the year, it appears that the 
spawning season lasted from December through June, as evidenced by the collection of 
spawning capable and actively spawning individuals in the months of December, May and 
June (Table 16 and Figure 22). In addition, though we observed sexually inactive individuals 
(regenerating phase ovary) in all months sampled, their relative frequency decreased in the 
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FIGURE 21.—Representative examples of histological sections of female gonads from 
spawning capable and actively spawning sheepshead with various stages of oocyte 
development indicated. Panels (A) and (B) represent spawning capable sheepshead exhibiting 
several stages of oocyte development. Panels (C) and (D) are histological sections of actively 
spawning sheepshead, as identified by either the presence of hydrated oocytes (C) or post-
ovulatory follicles (D). PG - primary growth oocyte, CA - cortical alveoli, PY - partially 
yoked/early vitellogenic oocytes, V - vitellogenic/fully yolked oocytes, H - hydrated oocyte, 
POF - post ovulatory follicle. Scale bars are 200, 200, 200, and 90 u,m for A-D, respectively. 
months of December, May and June (Table 16 and Figure 22). It appears that all sheepshead 
in the region have ceased to spawn by the beginning of July, as all individuals collected from 
July through October were either in the regressing or regenerating ovary stage. Another line 
of evidence supporting late winter to spring spawning was our observance of young-of-the-
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FIGURE 22.—Plot of spawning class by month for Chesapeake Bay region sheepshead. Based 
on the presence of spawning capable and actively spawning individuals, the spawning season 
appears to last from December through June. 
TABLE 17.—Mean length at age of YOY sheepshead during month of capture. 
Month 
July 
September 
October 
November 
n* 
7 
25 
32 
36 
Fork Length (mm) 
Mean 
26.6 
86.6 
122.5 
164.6 
SD 
1.72 
12.9 
25.3 
22.8 
SE 
0.649 
2.58 
4.46 
3.80 
n 
10 
26 
32 
36 
Weight (g) 
Mean 
0.4 
19.0 
56.7 
135.1 
SD 
0.080 
8.843 
32.91 
55.34 
SE 
0.025 
1.734 
5.818 
9.223 
* - Missing FL data on some small individuals, due to the observation of missing caudal fin 
rays, making accurate determination of FL impossible. 
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year (YOY) sheepshead during the months of July through November. Over this period, the 
mean length and weight of YOY sheepshead steadily increased (Table 17), indicating that 
spawning had ceased over this period. 
Discussion 
Overall, the reproductive biology of Chesapeake Bay region sheepshead was 
consistent with what researchers report for other regions and we now have a more complete 
evaluation of reproduction across their range. Most consistent was the observation that 
sheepshead are batch spawners as previous research in Louisiana and South Carolina also 
suggested sheepshead are batch spawners (Render and Wilson 1992a; Chirs McDonough, SC-
DNR, pers. comm.). We confirmed batch spawning for Chesapeake Bay region sheepshead 
through the observation of multiple stages of oocyte development in the ovary during the 
spawning season at any given time. 
Concerning spawning season, the overall timing of the spawning season in the late 
winter and spring months is consistent, though there appears to be a slight progression of the 
end of the spawning season as one moves from south to north along the range of 
sheepshead. In Louisiana, Render and Wilson (1992a) suggest sheepshead spawn from late 
February through late April, though they begin seeing development of ovaries as early as 
December. Galloway and Martin (1982) report observing the formation of large spawning 
aggregations in April around oil field structures in the Gulf of Mexico, but that the spawning 
aggregation had dispersed by mid-May, suggesting a spawning season ending by early May in 
the Gulf of Mexico. Moving north, in South Carolina, female sheepshead were undergoing 
some level of reproductive development from December through May (Chris McDonough, SC-
DNR, pers. comm.), suggesting a slightly later end of the spawning season than that seen in 
the Gulf of Mexico. Historically, Hildebrand and Cable (1938) report that they captured only 
one individual with "well developed roe" in Beaufort, NC, taken on June 16, and they propose 
sheepshead spawn from sometime in April through the end of June in that region. In the 
current study, we observed a period of reproductive development from December to June. 
This slight progression of spawning season from low to high latitudes is commonly seen in 
other species (Wang and Chen 1995; Lapolla 2001; Abaunza et al. 2003) 
In addition, the average size of YOY caught in July in the Chesapeake Bay region is 
similar to the average size of YOY sheepshead collected in June and July in Tampa Bay, that 
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being 20.7 and 29.0 mm, respectively (Springer and Woodburn 1960). In Beaufort, NC, the 
range of lengths observed for YOY specimens collected in the months of June and July were 7-
25 and 11-42 mm (mean = 21.8 mm), respectively (Hildebrand and Cable 1938). Christmas 
and Waller (1973) state that in Mississippi small sheepshead (17 through 31 mm) appear 
during the months of March, April, May and September. In South Carolina, monthly means 
suggested YOY sheepshead recruit to estuarine habitats from April to August, with the bulk of 
recruitment occurring from May through July (Chris McDonough, SC-DNR, pers. comm.). 
Researchers in these studies (Hildebrand and Cable 1938; Springer and Woodburn 1960; 
Christmas and Waller 1973) report similar spawning seasons for sheepshead in their region as 
we propose for the Chesapeake Bay. In addition, a controlled experiment suggested that by 
67 days after hatch, sheepshead attained sizes of approximately 28 mm TL (Tucker and 
Alshuth 1997), suggesting that our fish captured in July were born sometime during the 
month of May. Given that Tucker and Alshuth (1997) were feeding their young to satiation, 
which presumably would increase the rate of growth above what would be observed in the 
wild, the potential hatch date of our specimens may have been earlier. 
The remarkable consistency in the timing of sheepshead spawning from the 
Chesapeake Bay region through the Gulf of Mexico suggests that maybe some other 
environmental variable other than absolute water temperature is regulating the spawning 
season in this species. Instead, a more location and time invariant environmental factor must 
trigger sheepshead to begin ovarian development. One plausible candidate is the passing of 
the northern hemisphere winter solstice, whereby the photoperiod begins increasing. 
Researchers currently recognize photoperiod as an environmental cue often regulating 
reproduction in terrestrial organisms (Sharp 1993; Cockrem 1995; Nayloret al. 2008; 
Chemineau et al. 2009). Further, seasonality, and its associated changes in photoperiod, is 
known to regulate most physiological events, including reproduction, in many fish species 
(Migaud et al. 2010). In fish, researchers show that seasonal variations in photoperiod 
control the timing of spawning in the Eurasian perch, Perca fluviatilis (Migaud et al. 2003; 
Migaud et al. 2004; Migaud et al. 2006), cubera snapper, Lutjanus cyanopterus (Heyman et al. 
2005), haddock, Melanogrammus aeglefinus (Martin-Robichaud and Berlinsky 2004), and 
rainbow trout, Onchorhynchus mykiss (Davies and Bromage 2002). In addition, Nemeth et al. 
(2007) show that the formation of spawning aggregations of red hind, Epinephelus guttatus, 
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around the U.S. Virgin Islands is tightly correlated with the winter solstice, occurring between 
20-40 days later. 
The lack of spermatogenic tissue in the ovaries of adult females collected in this study 
suggested that the species is not a protogynous hermaphrodite, as researchers report many 
other sparids to be (Atz 1964; Buxton and Garratt 1990; Render and Wilson 1992b). Render 
and Wilson (1992b) also found no evidence of spermatogenic tissue in sheepshead ovaries, 
nor did they find any gonads that could be considered transitional. They also did not find any 
indication of protandrous hermaphroditism, thus they concluded that sheepshead are 
rudimentary hermaphrodites (Render and Wilson 1992b), based upon the assumption that 
intersexuality of the juvenile gonad is common to all members of the Sparidae family (Buxton 
and Garratt 1990). Their assumption of rudimentary hermaphroditism, and thus individuals 
maturing as functional gonochorists, appears to hold for Chesapeake Bay sheepshead. 
Also consistent is the early maturation of sheepshead throughout their range, with 
the majority of individuals, regardless of sex, being mature by two years of age and 
approximately 275 mm FL. Tucker (1987) reports sheepshead reach maturity in 2 years at 
between 350-400 g. In Louisiana, the majority of both males and females are mature by age 
2, with all males and females being mature by ages three and four, respectively (Render and 
Wilson 1992a). For South Carolina, there was evidence of early maturation for both males 
and females at age one, or approximately 225 mm FL and larger, with greater than 80% of 
both sexes being mature by age 3 and 300 mm FL (Chris McDonough, SC-DNR, pers. comm.). 
All males were mature by age four, or approximately 375 mm FL, and all females by age 5, or 
approximately 400 mm FL. In our study, the age at 50% maturity for males and females was 
1.51 and 1.62 years, respectively, with lengths at 50% maturity of 280 and 257 mm FL; 
approximately the same age, but at slightly larger size than for South Carolina. All individuals, 
regardless of sex were mature by age 4 and between 325 and 350 mm FL. 
This early maturation of sheepshead in relation to their overall life span is important 
to consider when developing a management strategy for the species. Sheepshead, 
throughout their range, are selected to mature early, presumably to maximize the amount of 
their total lifetime reproduction. Maximization of total lifetime reproduction is generally 
thought to be associated with highly variable and infrequent successful recruitment events 
through time, thus forcing individuals to employ a bet-hedging strategy in which longevity 
increases the probability of individual replacement and population persistence (Secor 2000a; 
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Longhurst 2002; Berkeley et al. 2004a; Berkeley et al. 2004b). By maximizing the amount of 
time spent in the reproductive stage throughout life, one maximizes the odds of encountering 
any one year in which environmental conditions are appropriate for successful recruitment 
(Secor 2000b). Longhurst (2002) was able to illustrate a positive relationship between 
maximum age and recruitment variability across a wide assortment offish species, including 
members of the Clupidae family, demersal species found along continental shelves, and 
extremely long-lived fish of deep banks and seamounts. MacCall (1996) suggests that 
variability in recruitment may be further exacerbated if the population in question is located 
near the extreme of their geographic range, which is true of the Chesapeake Bay population 
ofsheepshead. 
Due to this type of reproductive strategy, sheepshead are highly vulnerable if fishing 
truncates the age structure of the population, because of the risk of recruitment failure. 
Berkeley et al. (2004b) suggest that the age structure of the population, in combination with 
the maintenance of spatial distribution of recruitment, is as important as maintaining 
spawning stock biomass (SSB) when maintaining long-term sustainable population levels. 
Researchers report positive relationships between age structure and year-class strength for 
numerous species, including Icelandic cod, Gadus morhua (Marteinsdottir and Steinarsson 
1998) and striped bass, Morone saxatilis (Secor 2000b). Maintaining the age structure of a 
population at near pre-fishing levels ensures an adequate "seed bank" of adults in the 
population so that the population survives unfavorable recruitment events (Secor 2000b; 
Berkeley et al. 2004a; Berkeley et al. 2004b) while also maintaining old, large females in the 
population that produce offspring most likely to survive (Berkeley et al. 2004a; Berkeley et al. 
2004b). In addition, old, and presumably large females, tend to have slightly different 
spawning times (generally earlier; Berkeley and Houde 1978; Lambert 1987; Secor 2000b; 
Berkeley et al. 2004a; Berkeley et al. 2004b), produce more (Hilsop 1988; Buckley et al. 1991) 
and larger (Hilsop 1988; Buckley et al. 1991; Marteinsdottir and Steinarsson 1998) eggs, and 
have eggs and larvae that are more viable than younger females (Hilsop 1988; Buckley et al. 
1991; Berkeley et al. 2004a; Berkeley et al. 2004b). Truncation of the age structure caused by 
the removal of large fish via fishing can therefore have a much greater impact on the 
reproductive capacity of a population than through the simple reduction of the SSB (Berkeley 
et al. 2004a; Berkeley et al. 2004b). Murawski et al. (2001) suggests that failure to 
incorporate differential viability of eggs and larvae due to maternal age into biological 
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reference points aimed at preventing recruitment overfishing, traditionally based on SSB, can 
lead to an overestimate in the potential resiliency of stocks to exploitation. 
Thus, when developing regulations for Chesapeake Bay region sheepshead, managers 
must employ regulations that minimize the risk of age structure truncation in the Chesapeake 
Bay region. Unfortunately, current management paradigms do not generally protect older 
fish in the population. Berkeley et al. (2004b) suggest only three commonly employed 
management strategies can help protect older fish: very low exploitation rates (i.e. F 
drastically reduced), slot size limits, and systems of marine reserves. The risk of truncating 
the age structure for Chesapeake Bay sheepshead is compounded by the tendency for 
females to predominate in older age classes. Heavy fishing pressure will lead to the removal 
of females preferentially from the Chesapeake Bay region population, thus leading to the 
greater loss of the old females from the population. 
One possible discrepancy with other regions is the location of spawning of 
Chesapeake Bay region sheepshead. We found evidence of estuarine spawning, as all 
individuals that had hydrated oocytes or POFs were collected within the Chesapeake Bay. 
Few individuals were collected offshore, possibly limiting our ability to detect offshore 
spawning activity, but the presence of actively spawning individuals in the Chesapeake Bay 
suggests that at least some proportion of the population is using the estuary as a spawning 
ground. Only one additional study hints at estuarine spawning, that being sheepshead in and 
around the Lake Pontchartrain region of Louisiana (Render and Wilson 1992a). However, 
Render and Wilson (1992a) suggest that the estuarine spawning sheepshead collected in 
Louisiana had only partially hydrated ovaries, as the batch fecundity of sheepshead collected 
inshore was greatly reduced compared to the batch fecundity of offshore spawning 
sheepshead. Due to the small number of actively spawning individuals collected because of 
the timing of the bulk of our collections just after the nominal spawning season, we were 
unable to determine the batch fecundities of Chesapeake Bay region sheepshead. This 
precluded our ability to investigate the potential of estuarine spawning Chesapeake Bay 
sheepshead having only partially hydrated ovaries. 
In conclusion, the remarkable consistency in reproductive biology across the 
distribution of sheepshead is surprising given that previous research suggests mid-Atlantic 
sheepshead are a separate population. Based on an analysis of age and growth data, we 
suggested that sheepshead of the Chesapeake Bay region represent a distinct population 
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from sheepshead found south of Cape Hatteras. Since the Chesapeake Bay population is 
obtaining greater size-at-age (Chapter 2), given the same reproductive strategy, it is 
potentially more productive. This, along with early maturation, must be considered when 
devising appropriate management regulations. 
63 
MORTALITY AND YIELD-PER-RECRUIT ANALYSIS FOR CHESAPEAKE BAY REGION 
SHEEPSHEAD, ARCHOSARGUS PROBATOCEPHALUS, AND MANAGEMENT IMPLICATIONS 
Introduction 
Sheepshead, an estuarine/marine member of the family Sparidae (Gilhen et al. 1976; 
Tucker 1987; Beckman et al. 1991), historically have supported commercial and recreational 
fisheries off the southeastern U.S. Atlantic coast and the Gulf of Mexico (Beckman et al. 1991; 
Matlock 1992; Murphy and MacDonald 2000; Munyandorero et al. 2006). In 2009, a total of 
3,441 metric tons of sheepshead were harvested, with approximately 76% of the harvest 
deriving from recreational fisheries (Van Voorhees and Lowther 2010). This makes 
sheepshead the 10th largest recreational fishery, by weight, in the United States (Van 
Voorhees and Lowther 2010). However, though Goode (1887) reports a sizable historical 
commercial fishery for sheepshead in the Chesapeake Bay region was operating as early as 
1887, over the last 30 years, the period for which catch histories are available, only limited 
commercial and recreational fisheries for sheepshead have been operating in Virginia waters 
(National Marine Fisheries Service (NMFS), Fisheries Statistics Division, pers. comm.). 
Currently, only a small (mean ± SE: 4,936 ± 1,346 lbs (2,239 kg ± 611 kg) from 1990-2009) 
bycatch commercial fishery and small recreational fishery (mean ± SE: 7,706 ± 1,890 fish from 
1998-2009; NMFS, Fisheries Statistics Division, pers. comm.) operates in the Chesapeake Bay 
region. However, there is some indication that commercial and recreational harvest of 
sheepshead may be increasing in recent years, as there is an increasing trend (commercial: 
slope=0.240, p=0.02; recreational: slope=1.04, p = 0.05) in harvest in both fisheries (Figure 
23). 
Recent increases in commercial and recreational harvest highlight the need for a 
management plan for sheepshead in the Chesapeake Bay region. Prior to 2007, there were 
no management measures in place on the harvest of sheepshead in Virginia. At that time, the 
VMRC (Regulation 4 VAC 20-1110-10 et seq.) mandated a four fish bag limit per person per 
day for the recreational fishery and a 500 lbs (227 kg) per vessel per day commercial harvest 
limit. Though this was a first step in managing the fishery, it was ad hoc and managers need 
additional data on the dynamics of the Chesapeake Bay region sheepshead population to 
develop more biologically relevant regulations. In other regions, sheepshead management 
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FIGURE 23.—Virginia (A) commercial and (B) recreational (NMFS, Fisheries Statistics Division, 
pers. comm.) catch history of sheepshead. Dashed lines represent a linear regression of 
harvest, in weight and numbers for commercial and recreational fisheries, respectively, over 
the time period. 
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varies from no commercial or recreational fishery regulations (Mississippi and Alabama) to 
some combination of minimum size limits and/or bag limits (Texas, Louisiana, Florida, 
Georgia, South Carolina, North Carolina). 
Previously, the only assessment of any sheepshead population has been a series of 
assessments in Florida to evaluate the status of the population on both the Atlantic and Gulf 
coasts of Florida (Muller and Murphy 1994; Murphy et al. 1997; Murphy and MacDonald 
2000; Munyandorero et al. 2006). In the most recent assessment (Munyandorero et al. 
2006), they used a forward projecting catch-at-age model (ASAP) to estimate sheepshead 
population size given observed catches, catch-at-age, and indices of abundance (Legault and 
Restrepo 1998). ASAP, based on the estimated fishing mortality rate (F) and biological 
characteristics of the population during the final year of the assessment, performs yield-per-
recruit (YPR) modeling to estimate several biological reference points (BRP), including F01, 
FMAX, and F30o/o (Legault and Restrepo 1998). Along the Atlantic coast, FMAX and F0-1 equaled 
1.290 and 0.746 for the commercial fishery and 1.557 and 0.737 for the recreational fishery, 
respectively with an expected YPR of approximately 370 g (Munyandorero et al. 2006). On 
the Gulf coast, FMAX and F01 equaled 6.645 and 0.687 for the commercial fishery and 9.875 
and 0.679 for the recreational fishery, respectively, with an expected YPR ranging from 375 g 
at FMAX to 354 g at F01 (Munyandorero et al. 2006). 
Unlike the case in Florida (Munyandorero et al. 2006), there is very limited to no 
catch or effort data for either the commercial or recreational sheepshead fishery operating in 
the Chesapeake Bay. In the absence of accurate catch and effort data on a species, we are 
unable to use a catch-at-age model (i.e. ASAP) to assess the status of the Chesapeake Bay 
population of sheepshead. However, recently we investigated the age structure, growth 
rates, and reproductive biology of sheepshead of the Chesapeake Bay (Chapters 2 and 3) 
which provided much of the biological information needed to construct a YPR model. YPR 
models are useful tools that can be used to determine management measures, such as 
minimum size limits and fishing effort regulations (Gulland 1983; Deriso 1987; Barbieri et al. 
1997), using data on the growth, mortality, and recruitment of a species (Quinn and Deriso 
1999). Various forms of YPR models (Beverton and Holt 1957; Ricker 1975; Gulland 1983) 
have been and continue to be used in fish population dynamics studies. 
In this paper we use growth and age structure data from the Chesapeake Bay region 
(Chapter 2) to estimate the mortality (total, natural, and fishery-induced) rates experienced 
66 
by sheepshead of the region. Subsequently, we use data on growth rates (Chapter 2), 
maturity schedules (Chapter 3), and mortality rates to evaluate the effects of different fishing 
mortalities, natural mortalities and age-at-recruitments to the fishery on sheepshead YPR and 
associated BRPs. Further, to simulate what is commonly performed on data poor 
populations, we modeled YPR using sheepshead population dynamics data from other regions 
(Beckman et al. 1991; Murphy and MacDonald 2000; Dutka-Gianelli and Murie 2001; Chris 
McDonough, South Carolina Department of Natural Resources (SC-DNR), pers. comm.). When 
region specific population dynamic data is unavailable, proxies of needed data are often 
"borrowed" from nearby studies, as this constitutes the best available science, with the 
validity of using such proxies often unknown. Until our recent studies (Chapters 2 and 3), we 
would have needed such proxies in the Chesapeake Bay region. We discuss management 
implications of our results. 
Methods 
Mortality Analysis 
In Chapter 2, we determined the age distribution of Chesapeake Bay region 
sheepshead as part of our study of their age and growth. They found that peak numbers at 
age occurred at 9-years old when they combined the harvest from commercial and 
recreational fisheries (Table 18). However, as one cannot be certain that fish are fully 
recruited to the fishery when peak numbers at age are observed, we investigated total 
mortality using age 10 and older individuals, as we can be certain those age classes are fully 
recruited to the fishery. 
We derived estimates of total mortality using four different methods, those being an 
un-weighted catch-curve analysis, a weighted catch-curve analysis, Heincke's (1913) method , 
and Chapman-Robson's (Chapman and Robson 1960) method. In the un-weighted catch-
curve analysis, we performed a linear regression on the relationship between age (t) and the 
natural logarithm of numbers-at-age (ln(yvt)), 
ln(/Vt) = -Zt + ln(yV0), 
where Z is an estimate of instantaneous total mortality and yv0 is an estimate of the numbers 
of individual at age 0. Due to the occurrence of missing ages in our numbers-at-age matrix, 
we added a value of one to all numbers-at-age prior to natural log transformation. However, 
this method gives equal weight to all data points in the regression, meaning that rare, older 
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TABLE 18.—Observed numbers-at-age (n) found in Chapter 2 and associated values used in 
un-weighted and weighted catch-curve analysis of Chesapeake Bay region sheepshead. 
Included are the predicted numbers-at-age and weights used in the weighted catch-curve 
analysis and the coded ages used in the Chapman-Robson method. 
Age 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
n 
38 
31 
19 
7 
8 
10 
13 
13 
8 
11 
4 
3 
3 
4 
6 
6 
3 
1 
0 
0 
1 
1 
0 
1 
1 
1 
2 
Predicted ln(n) 
-
2.874 
2.766 
2.658 
2.550 
2.442 
2.334 
2.226 
2.118 
2.010 
1.902 
1.794 
1.686 
1.578 
1.470 
1.362 
1.254 
1.146 
1.038 
0.930 
0.822 
0.714 
0.606 
0.498 
0.390 
0.282 
0.174 
Weights 
-
3.874 
3.766 
3.658 
3.550 
3.442 
3.334 
3.226 
3.118 
3.010 
2.902 
2.794 
2.686 
2.578 
2.470 
2.362 
2.254 
2.146 
2.038 
1.930 
1.822 
1.714 
1.606 
1.498 
1.390 
1.282 
1.174 
Coded Ages 
-
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
fish can be highly influential data points (Slipke and Maceina 2002). Thus, we also employed 
a weighted linear regression catch-curve analysis whereby the weights are equal to 
W; = predicted ln(numbers — at — age) + 1. 
The predicted In(numbers-at-age) are calculated from the un-weighted linear regression 
calculated previously. This analysis gives more weight to data points that have more data (i.e. 
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large sample sizes), thus minimizing the influence of rare, older fish when computing an 
estimate of Z (Slipke and Maceina 2002). As with un-weighted catch-curve analysis, it 
provides an estimate of Z and the standard error of Z. 
The Heincke (1913) and Chapman and Robson (1960) methods provide alternative 
estimates of Z, by providing an estimate of the annual survival rate (S). In Heincke's method, 
we calculate S using the following equation, 
_n-n0 
n 
where n 0 represents the number at youngest age used in the analysis, n is the total number 
offish collected between the youngest and maximum ages used in the analysis, and 5X is the 
estimate of annual survival. In the Chapman-Robson method, we calculate an estimate of S 
using the equation 
T 
s2 = ——, 
z
 N+T-l 
where T = Yx=oxnx' N is the total number offish collected between the youngest and 
maximum age used in the analysis and S2 is the estimate of annual survival. In the calculation 
of T, x represents a vector of coded ages, where 0 corresponds to the minimum age used in 
the analysis and all subsequent values equal observed age minus minimum age (Table 18) and 
nx represents the number of individuals having that assigned coded age. Regardless of 
method (i.e. Heincke or Chapman-Robson method), our estimate of S is converted to an 
estimate of Z by the formula Z = - I n (5), with its standard error estimated using the formula 
SE(Z) d-5)2 
n*S 
We developed an estimate of natural mortality using two methods, the Hoenig (1983) 
method and the Quinn and Deriso (1999) method. In the Hoenig method, M is estimated 
using the equation 
M _ e 1 .46-1 .01 .1n( t A ^ 
where t^ is the maximum age in the population. Hoenig (1983) empirically derived this 
relationship using total mortality estimates from unexploited to lightly exploited fish stocks. 
For the Quinn and Deriso method, M is also estimated based on an estimate of t^, but in this 
case the equation is 
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where Ps represents the percent of recruits reaching maximum age. In our estimation of 
natural mortality, our estimate of tA, 35-years old, is taken from the maximum observed age 
for Chesapeake Bay sheepshead (Chapter 2) and we allow Ps to vary from 1% to 5%, as 
suggested by Quinn and Deriso (1999), to obtain a range of possible M values. 
Since instantaneous fishing mortality (F) equals Z minus M, we then obtained 
estimates of F for the Chesapeake Bay region using the estimates of Z and M from the 
methods employed. 
Yield-per-Recruit Analysis 
In the calculation of yield per recruit (YPR) and associated statistics, we used a 
number of symbols, which are defined in Table 19. We calculated yield per recruit (YPR) using 
the Jones (1957) modification of the Beverton-Holt equilibrium yield equation (Ricker 1975). 
By integrating the yield equation in a manner that permits it to be evaluated using the 
incomplete beta function, the Jones modification permits one to allow the weight-length 
regression exponent coefficient to differ from three (Ricker 1975), which in Chapter 2 we 
estimated for Chesapeake Bay region sheepshead. The resulting YPR model is 
YPR = — = * (0[X, P, Q] - /?[*!, P, <?]). 
Initially, to visualize how YPR varies with rate of fishing and age of recruitment to the 
fishery, we allowed tR and F to vary from 0-35 years old by 1/12 of a year and 0-3.0 by 0.02, 
respectively. This results in 63,571 YPR calculations, from which we constructed yield contour 
plots at varying tR and F. The age of recruitment to the fishery and instantaneous fishing 
mortality rate at which YPR is maximized was then calculated. Subsequent, we conducted 
further investigations of potential values of tR that maximize YPR and calculated three 
biological reference points, FMAX, F01, and F30o/o (Table 19). To calculate spawning stock 
biomass (SSB), we used the equation 
SSB = Matt * Wt, 
where 
Matt= PMatt * Nt. 
In addition, we calculated quantities of interest including number harvested, 
Nh = ^ 
'*har
 z i 
number dying naturally, 
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TABLE 19.—Definitions of symbols used in the equations used to calculate YPR, biological 
reference points, spawning stock biomass, and other quantities of interest. 
Symbol Definition 
a 
P 
F 
^ 3 0 % 
FMAX 
k 
M 
Mien 
Mwt 
Matt 
No 
Ndie 
Nhar 
Nt 
^trophy 
P 
PMatt 
Q 
SSB 
to 
h 
*r 
Wm 
Wt 
X 
Xi 
Y 
YPR 
Z 
shape coefficient from a weight-length regression 
Symbol representing the incomplete beta function or, when calculating Wm, the 
curvature coefficient from a weight-length regression 
Instantaneous rate of fishing mortality 
F at which the marginal gain in YPR by increasing F one unit is 10% of the gain from 
that at F = 0, for a given tr 
F, given t r , at which the SSB falls to 30% of the SSB of an un-fished population 
F at which YPR is maximized for a given tr 
Brody growth coefficient, per year, from a von Bertalanffy length-at-age growth 
model 
Mean (asymptotic) maximum length, in mm FL, parameter as estimated from a von 
Bertalanffy length-at-age growth model 
Instantaneous rate of natural mortality 
Mean length of harvested individuals, in mm FL. 
Mean weight of harvested individuals, in grams 
Number of individuals mature at age t, where age is in years 
Number of individuals that reach age t0 
Number of individuals dying of natural causes 
Number of individuals harvested 
Number at age t 
Number of individuals in the population greater than or equal to 533.4 mm (21 in) 
FL 
P =Z/k 
Percent mature at age t, as taken from Chapter 3 
Q = b' + 1 
Spawning stock biomass, in grams 
Age, in years, at which the fish would have been zero length from a von Bertalanffy 
length-at-age growth model 
Maximum age, in years, obtained 
Age, in years, of recruitment to the fishery 
Mean maximum weight of an individual fish, in grams. Wm = a * Lm^ 
Weight, in grams, of individuals at age r 
X1 = e-fc(tA-to) 
Yield, in grams 
Yield per recruit reaching age t0, in grams 
Instantaneous rate of total mortality. Z — F + M 
71 
mean weight of harvested individual, 
' ' d i e 2 ' 
M, 
mean length of harvested individual, 
Wt
 ~ Nh' 
Mlen = eatM^b , 
and number of fish greater than or equal to 533.4 mm (21 in) FL, 
, / \ 533 4 \ 
^trophy = exp[ -Z*[ - ^ 2 - + t 0 - tT ) ), 
which is approximately equal to 80% of the maximum FL (657 mm) previously recorded for 
sheepshead and considered to be a trophy size fish in the recreational fishery (Chapter 2). 
We investigated the results of several different YPR model configurations. In all 
configurations, in the calculation of SSB we used the calculated percent mature at age 
(PMatt) reported in Chapter 3. In our base model, we assumed constant natural mortality 
equal to the Hoenig estimate, with weight-length regression and von Bertalanffy length-at-
age growth model parameters reported in Chapter 2. For our low M and high M 
configurations, we continued to use the weight-length and von Bertalanffy length-at-age 
growth model parameters reported in Chapter 2, but used M estimates deriving from the 
Quinn and Deriso estimator assuming 5% and 1% of individuals survive to maximum age, 
respectively. For the final five model configurations, we investigated the YPR calculations we 
would have observed had we used the maximum ages, von Bertalanffy length-at-age, and 
weight-length regressions observed along Louisiana (Beckman et al. 1991), the northwest 
coast of Florida (Dutka-Gianelli and Murie 2001), the gulf coast of Florida (Murphy and 
MacDonald 2000), the Atlantic coast of Florida (Murphy and MacDonald 2000), and South 
Carolina (Chris McDonough, SC-DNR, pers. comm.) as a test for using proxy values in a data-
poor fishery, as was the case for the Chesapeake Bay region prior to our recent studies. In 
each, we assumed natural mortality was constant and equal to the Hoenig estimate using the 
observed maximum age in the region. For Louisiana, we used the regressions developed for 
female sheepshead, while for all other regions we used the regressions for the sexes 
combined. 
All analyses were conducted using the statistical program R (V 2.9.2) and Microsoft 
Office Excel 2007. 
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z 
0.108 
0.115 
0.220 
0.158 
SE 
0.0130 
0.0129 
0.0176 
0.0126 
Lower 
0.081 
0.088 
0.184 
0.132 
Upper 
0.135 
0.142 
0.256 
0.184 
TABLE 20.—Instantaneous total mortality (Z) rate, standard error of estimate (SE) and 95% 
confidence interval of Z for Chesapeake Bay region sheepshead. 
95% CI 
Method 
Un-weighted Catch-Curve 
Weighted Catch-Curve 
Heincke Method 
Chapman-Robson Method 
TABLE 21.—Instantaneous fishing mortality (F) rate estimates using estimates of total 
mortality (Z) minus estimate of natural mortality (M). Values in parenthesis represent a range 
of plausible F values given a Z value minus the lower and upper confidence interval values for 
M. UWCC = un-weighted catch-curve and WCC - weighted catch-curve. 
Natural Mortality (M) Estimators 
Z Hoenig Quinn & Deriso (1%) Quinn & Deriso (5%) 
UWCC 0.000* (0.000* - 0.016) 0.000* (0.000* - 0.003) 0.022 (0.000* - 0.049) 
WCC 0.000* (0.000* - 0.023) 0.000* (0.000* - 0.010) 0.029(0.002-0.056) 
Heincke 0.101(0.065-0.137) 0.088(0.052-0.124) 0.134(0.098-0.170) 
Chapman-Robson 0.039(0.013-0.065) 0.026(0.000-0.052) 0.072(0.046-0.098) 
* - Calculated value was less than zero, thus set F to zero 
Results 
Mortality Analysis 
Estimates of Z ranged from a minimum of 0.108 to a maximum of 0.220 using the un-
weighted catch-curve analysis and Heincke's method, respectively (Table 20). This 
corresponds to an annual survival rate of between 80.3 and 89.8% for 10-35 year old 
sheepshead in the Chesapeake Bay region. 
Based on the three methods employed, our estimate of M ranged from 0.086 using 
the Quinn and Deriso method assuming 5% of age-0 recruits attain maximum age to 0.132 
using the Quinn and Deriso method assuming only 1% do. Hoenig's estimator provided an 
intermediate estimate of M, of 0.119. The Hoenig estimate suggests that 1.553% of age-0 
recruits survive to maximum age. In further YPR analyses, the best estimate of M is 
considered to be 0.119 (base model), with alternative analyses conducted with M equal to 
0.086 (low M model) and 0.132 (high M model). 
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These M estimates, when combined with our estimates of Z, suggest that F ranges 
from a minimum of 0 to a maximum of 0.134 (Table 21). F estimates from both catch-curve 
analyses suggest extremely light fishing pressure on sheepshead (F = 0 to 0.029), whereas 
both the Heincke and Chapman-Robson estimates of F are slightly higher, ranging from 0.088 
to 0.134 and 0.026 to 0.072, respectively. 
TABLE 22.—Age to recruitment (tr) and instantaneous fishing mortality rate (F) that 
maximizes yield-per-recruit (YPR, in grams) in each of the 8 model configurations 
investigated. Also shown are the instantaneous natural mortality rate (M), mean maximum 
length (Loo), Brody growth coefficient (k), age when length was 0 (t0), and mean maximum 
weight (Wm) parameters used in each of the models. 
Model 
Base Model 
Low M 
HighM 
Louisiana 
Northwest Coast of FL 
Gulf Coast of FL 
Atlantic Coast of FL 
South Carolina 
tr F M Loo k 
Chesapeake Bay Region Population Dynamics 
6.25 
7.25 
5.92 
3.00 
3.00 
3.00 
0.119 
0.086 
0.132 
550 0.288 
550 0.288 
550 0.288 
Other Regions Population Dynamics 
3.50 
4.08 
3.92 
2.92 
4.50 
3.00 
3.00 
3.00 
3.00 
3.00 
0.209 
0.300 
0.262 
0.262 
0.181 
447 0.37 
490 0.26 
451 0.24 
381 0.39 
498 0.297 
to 
-0.855 
-0.855 
-0.855 
-1.03 
-0.42 
-1.17 
-1.13 
-1.1 
W 
' " OO 
4790 
4790 
4790 
1895 
2619 
2208 
1429 
3206 
YPR 
1348 
1748 
1227 
408 
232 
211 
246 
635 
Yield-per-Recruit Analysis 
Inspection of the YPR contour plots for the base, low M and high M models suggest 
that managers can maximize YPR by setting minimum length limits corresponding to a t r of 5-
9 years of age (Table 22 and Figure 24a,b,c). Actual absolute YPR varied between the models, 
with maximum yields for the base, low M and high M models being 1,348, 1,748, and 1,227 g, 
respectively (Table 22). 
We further investigated BRPs assuming tr was between 5-9 years of age (Table 23 
and Figure 25). For all three configurations, F01 suggests that to maximize yield, tr should be 
set at 5 years of age. However, as a t r of 5 years old, which corresponds to an 457.2 mm (18 
in) FL minimum length limit (MLL), is younger than the tr that maximizes YPR in all three 
models (Table 22), this indicates a potential risk of growth overfishing at this tr. For the base 
F F 
FIGURE 24 —Yield-per-recruit (YPR) contour plots for (A) the basic, (B) low M, (C) high M, (D) Louisiana, (E) northwest coast of Florida, (F) gulf 
coast of Florida, (G) Atlantic coast of Florida, and (H) South Carolina models Contours are of YPR, in grams 
- j 
• ^ 
75 
:
-^ll 
1 • 
\ v, 
i 
i 
i 
i 
i 
i 
i 
i -
; 1 
i 
1 
1 
l 
1 
1 
i 
i 
1 
1 . 
\ \ \ 
| , ! 
li \ 
1
 1 
( s j i » \ ) a 8 y 
I 
* i 
i 
1 \ 
"N. 
V-
,; 1 , . 
1^ : 
' - t -\ -
•.• a::'--... ^ ,.. 
i 
i 
5- . 1 ' 
" 1 
1 
1 
. ) 
M t e s f %i 
1 \ 
\ 
fc. 
_' p* 
w (s.iea \ ) a 8 y o (s.iea \ ) aSy 
•a 
cu 
+-• 
c o u 
fM 
76 
TABLE 23.—YPR analysis biological reference points (BRPs) for tr from 5-9 years old, with 
associated YPR at BRP and how that yield corresponds to the maximum YPR possible given 
that tr. MLL refers to the minimum length limit (in mm) associated with that tr, given the 
von Bertalanffy growth model from Chapter 2. "% Max" is the percentage of maximum YPR 
(see Table 22) attained given current age-of-recruitment to the fishery and fishing mortality 
rate. A " - " indicates that no level of fishing mortality allows spawning stock biomass (SSB) to 
fall to less than or equal to 30% of the un-fished SSB, thus the F30o/0 BRP does not exist. 
tR 
5 
6 
7 
8 
9 
5 
6 
7 
8 
9 
5 
6 
7 
8 
9 
Nt 
498 
442 
393 
349 
310 
604 
555 
509 
467 
428 
462 
405 
355 
311 
272 
MLL 
457.2 
482.6 
482.6 
508 
508 
457.2 
482.6 
482.6 
508 
508 
457.2 
482.6 
482.6 
508 
508 
FMAX 
1.120 
3.000 
3.000 
3.000 
3.000 
0.620 
1.120 
3.000 
3.000 
3.000 
1.460 
3.000 
3.000 
3.000 
3.000 
YPR 
1318 
1347 
1333 
1281 
1206 
1664 
1720 
1747 
1735 
1687 
1209 
1227 
1199 
1137 
1056 
%Max Fo.i 
Base Model 
97.75 
99.91 
98.91 
95.06 
89.44 
95.23 
98.40 
99.93 
99.25 
96.52 
98.51 
99.98 
97.71 
92.69 
86.09 
0.188 
0.203 
0.216 
0.226 
0.234 
Low M 
0.139 
0.149 
0.158 
0.165 
0.170 
HighM 
0.208 
0.234 
0.239 
0.251 
0.259 
YPR 
1087 
1065 
1020 
960 
890 
1397 
1392 
1364 
1316 
1253 
990 
973 
913 
850 
779 
%Max 
80.66 
79.00 
75.70 
71.19 
66.04 
79.90 
79.64 
78.04 
75.27 
71.67 
80.72 
79.33 
74.39 
69.29 
63.48 
^30% 
0.147 
0.174 
0.233 
-
— 
0.118 
0.130 
0.151 
0.194 
— 
0.150 
0.194 
0.315 
-
-
YPR 
1004 
1014 
1043 
-
— 
1327 
1334 
1345 
1377 
— 
887 
917 
983 
-
-
%Max 
74.46 
75.23 
77.39 
-
— 
75.92 
76.31 
76.97 
78.79 
— 
72.30 
74.71 
80.12 
-
-
model, FMAX and F30o/o suggest yield is maximized compared to maximum potential YPR at 
tr's of 6 and 7 years and F's of 3.00 (maximum investigated) and 0.23, respectively, which 
both correspond to approximately a 482.6 mm (19 in) FL MLL (Table 23). At higher t r 's , loss 
of maximum YPR increases, making these age to recruitments unattractive for a yield fishery 
(Figure 25). Similar results occur from the analysis of the high M model, which is a less 
conservative model suggesting we can fish the population harder (i.e. higher F; Table 23). For 
the most conservative model, the low M model, FMAX and F30o/0 suggest YPR is maximized at 
tr's of 7 (482.6 mm (19 in) FL MLL) and 8 (508 mm (20 in) FL MLL) years and F's of 3.00 
(maximum investigated) and 0.19, respectively (Table 23). Based on these results, we suggest 
that a tr of 7 years (482.6 mm FL MLL) is appropriate for the Chesapeake Bay region. 
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FIGURE 25.—From the base model, YPR (g) and spawning stock biomass (SSB; relative to un-
fished population) for Chesapeake Bay region sheepshead when the age to recruitment is (A) 
5, (B) 6, (C) 7, (D) 8, and (E) 9 years, respectively. 
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Given an tr of 7 years, we subsequently can investigate other parameters of interest 
using the base model (Figure 26). Of the 1000 recruits at age 0, 393 survive natural mortality 
to recruit to the fishery at age 7. Of these, if F is constrained such that it equals F01, the 
number harvested and the number dying from natural causes are 255 and 138, respectively 
(Figure 26a). The mean weights (Figure 26b) and mean FL (Figure 26c) of harvested 
individuals are 4,026 g and 520 mm, while the number reaching lengths greater than or equal 
to 533.4 mm (21 in) FL is 91 or 9.1% of the initial recruits (Figure 26d). The corresponding 
values given F = F30o/o are 255,134, 4016 g, 519 mm, and 88 for the number harvested, 
number dying from natural causes, mean weight, mean FL, and number reaching lengths 
greater than or equal to 533.4 mm, respectively (Figure 26). 
Conversely, when we use the population dynamics data regarding age structure and 
growth rates for sheepshead from other regions, YPR analysis provides drastically different 
results. Contour plots show that YPR is maximized at tr's of between 1 and 6 years old 
(Figure 24), with maximum YPR ranging from 211-635 g (Table 22). Resulting BRP calculations 
suggest that tr be set to 2 years using population dynamics data from the Atlantic coast of 
Florida and 5 years using the population dynamics data available from Louisiana, the 
northwest coast of Florida, the Gulf coast of Florida, and South Carolina (Table 24). These 
correspond to MLL of between 279.4 and 406.4 mm (11 and 16 in) FL (Table 24), which is 
76.2-203.2 mm shorter than the proposed MLL from the Chesapeake Bay region data. The 
data also suggests that F, when constrained to either F01 or F30o/0, will range from 0.30-0.45 
and 0.24-0.67, respectively when YPR is maximized compared to maximum potential YPR 
(Table 24). Compared to the fishing mortality rates equal to F01 or F30o/o from the base model 
assuming tr equals 7 years (Table 23), this represents an increase of appropriate F of 
between 0.08-0.23 and 0.01-0.44, respectively. In addition, projected YPR calculations 
compared to the base model is reduced by some 52.9-84.3% (713-1137 g). 
Discussion 
Previous research on the dynamics of Chesapeake Bay region sheepshead (Chapters 2 
and 3) demonstrates the uniqueness of the population, which anglers long suspected. 
Chesapeake Bay region sheepshead are living longer and attaining larger maximum sizes 
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TABLE 24.—YPR analysis BRPs for tr, with associated YPR at BRP and how that yield 
corresponds to the maximum YPR possible given that tr. MLL refers to the minimum length 
limit (in mm) associated with that tr, given the von Bertalanffy growth model for the region in 
question. "% Max" is the percentage of maximum YPR (see Table 22) attained given current 
age-of-recruitment to the fishery and fishing mortality rate. A " - " indicates that no level of 
fishing mortality allows SSB to fall to less than or equal to 30% of the un-fished SSB, thus the 
F30o/o BRP does not exist. 
tR 
3 
4 
5 
3 
4 
5 
6 
3 
4 
5 
6 
1 
2 
3 
4 
5 
3 
4 
5 
6 
MLL 
355.6 
381.0 
406.4 
279.4 
330.2 
381.0 
406.4 
279.4 
330.2 
355.6 
381.0 
203.2 
279.4 
304.8 
330.2 
355.6 
355.6 
381.0 
406.4 
461.8 
FMAX 
2.14 
3.00 
3.00 
1.16 
3.00 
3.00 
3.00 
1.38 
3.00 
3.00 
3.00 
0.60 
1.30 
3.00 
3.00 
3.00 
0.90 
2.36 
3.00 
3.00 
YPR 
403 
404 
377 
220 
232 
223 
199 
204 
211 
202 
183 
206 
235 
246 
232 
204 
601 
630 
629 
596 
%Max 
98.75 
99.05 
92.35 
fo. i YPR 
Louisiana 
0.31 
0.35 
0.38 
331 
315 
286 
%Max 
81.19 
77.34 
70.16 
Northwest Coast Florida 
94.76 
99.95 
96.18 
85.90 
0.33 
0.39 
0.45 
0.49 
190 
189 
175 
153 
Gulf Coast Florida 
96.89 
99.98 
95.80 
86.65 
0.31 
0.36 
0.40 
0.44 
174 
170 
157 
140 
Atlantic Coast Florida 
83.49 
95.36 
99.98 
94.34 
82.75 
94.72 
99.30 
99.14 
93.92 
0.27 
0.34 
0.40 
0.45 
0.49 
186 
201 
197 
179 
155 
South Carolina 
0.24 
0.27 
0.30 
0.32 
515 
513 
491 
453 
81.96 
81.36 
75.29 
66.01 
82.34 
80.44 
74.51 
66.23 
i 
75.48 
81.54 
80.07 
72.87 
62.85 
81.15 
80.88 
77.30 
71.37 
^ 3 0 % 
0.22 
0.27 
0.58 
0.23 
0.28 
0.67 
-
0.22 
0.27 
0.58 
-
0.24 
0.24 
0.27 
0.40 
-
0.18 
0.20 
0.27 
-
YPR 
294 
290 
319 
167 
168 
193 
-
156 
155 
172 
-
179 
179 
172 
173 
-
470 
467 
474 
-
%Max 
72.08 
71.07 
78.29 
72.11 
72.39 
83.20 
-
73.83 
73.61 
81.69 
-
72.65 
72.70 
69.90 
70.22 
-
74.02 
73.52 
74.63 
-
(Chapter 2), while exhibiting a similar reproductive strategy (i.e. age/length-at-maturity and 
spawning season) as that employed by sheepshead of other regions (Chapter 3). The 
differences in age and growth, and concurrent similarity in reproductive strategy, strongly 
supports local population status of Chesapeake Bay region sheepshead, with their unique age, 
growth and reproductive biology (vital rates) governing the population. As a unit stock, the 
Chesapeake Bay region sheepshead should be assessed, and regulated, using their unique set 
of vital rates. 
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In any assessment, the type of model used is constrained by data availability and best 
available science. For our region of study, little to no data is available on catch and 
particularly effort from either the recreational or the commercial fishery. The only long-term 
recreational survey that attempts to characterize recreational harvest and effort in the region 
is the Marine Recreational Information Program (MRIP; formerly known as the Marine 
Recreational Fisheries Statistical Survey). This large-scale recreational survey rarely intercepts 
Chesapeake Bay region sheepshead anglers due to the nature of the fishery and the sampling 
scheme of the survey. Thus, MRIP's estimates of catch and effort for Chesapeake Bay region 
sheepshead is riddled by large variances and high year-to-year variability (NMFS, Fisheries 
Statistics Program, pers. comm.), limiting its usefulness in assessment models. For the 
commercial fishery, though the total weight of landings of sheepshead in Virginia are 
measured (NMFS, Fisheries Statistics Program, pers. comm.), these landings are not sampled 
for any biological metrics (i.e. length, age, and sex) due to the catch generally deriving as 
bycatch of other commercial fisheries in the region. 
Given the limitations on recreational and commercial fisheries landings and effort 
data, we were constrained to using YPR models, as these models only require growth, 
mortality and recruitment data (Quinn and Deriso 1999), to investigate the status of the 
Chesapeake Bay region sheepshead population. In particular, we employed the Beverton-
Holt YPR model (Ricker 1975) with the Jones modification (Jones 1957) due to its wide range 
of application and the development of commonly used BRPs used for stock management 
based on its results. Though in Chapter 2 we suggest that the Schnute growth function is 
superior to the von Bertalanffy growth function at describing individual growth of Chesapeake 
Bay region sheepshead, we use the von Bertalanffy length-at-age relationship reported in the 
same chapter in our YPR analysis. Our use of the von Bertalanffy equation is warranted given 
that most of the discrepancy in predicted size-at-age occurs at older ages, with greater than 
90% of asymptotic size being reached by nine years of age in both models. Substantial 
discrepancies between the Schnute and von Bertalanffy growth function do not become 
apparent until after 20 years of age (Chapter 2), at which time only 10% of age-0 recruits are 
expected to survive given our best estimate of M, 0.119. When modeling the YPR for a 
population, the majority of the yield derives from younger age groups, with the biomass 
represented by each age class decreasing with age past some critical age where the rate of 
biomass loss due to mortality outweighs the increase in biomass due to growth. 
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Researchers and managers use YPR models to determine the combination of F and tr 
needed to maximize yield from a fishery (Quinn and Deriso 1999), and thus YPR models are 
generally associated with fisheries aimed at maximizing sustainable yield (i.e. most 
commercial fisheries and some recreational fisheries). Based on our analysis, using the "best 
available science" on Chesapeake Bay region sheepshead, that being growth (Chapter 2), 
reproduction (Chapter 3) and mortality data (M = 0.119; this study) on sheepshead captured 
in the region, we determined that to maximize sustainable YPR from the fishery tr should be 
set at 7 years of age. This corresponds to a MLL of 483 mm FL (19 in FL). At the same time, 
managers should employ regulations that constrain F to approximately 0.22. These values of 
tr and F protect the population adequately from the possibility of growth overfishing, while 
giving some safeguard against recruitment overfishing. If an alternative goal of management 
is to maximize the harvest of trophy fish (i.e. in a recreational fishery), then some 
combination of higher tr and/or lower F will provide optimum yield. 
In the past, when dealing with a data poor fishery, often the best available science 
used in the assessment of the status of the population does not derive directly from the 
population in question. Instead, needed vital rates are often "borrowed" from studies of 
individuals from other regions, with the assumption that this proxy data applies to the data 
poor fishery. Researchers have paid little attention to the validity of this assumption, with 
violations often not becoming apparent until prescribed management, based on this proxy 
data, leads to population declines or other unforeseen consequences. In the absence of the 
recent studies on Chesapeake Bay region sheepshead age, growth and reproduction 
(Chapters 2 and 3), the best available science available to conduct YPR modeling would have 
relied on such studies from other regions. In the case of sheepshead, the needed age and 
growth data would have derived from one of the studies of sheepshead in South Carolina 
(Chris McDonough, SC-DNR, pers. comm.), Florida (Murphy and MacDonald 2000; Dutka-
Gianelli and Murie 2001), and Louisiana (Beckman et al. 1991). 
When we use such proxy data for Chesapeake Bay sheepshead age and growth in YPR 
models, model results suggest different age-at-recruitments (2-5 years of age; 279-406 mm FL 
(11-16 in FL)) and fishing mortalities (F01 = 0.30-0.45 and F30o/o = 0.24-0.67) are needed to 
obtain maximum sustained YPR from the population. These age-at-recruitments and fishing 
mortalities would have had detrimental effects on the Chesapeake Bay sheepshead 
population. If the Chesapeake Bay sheepshead population would have been managed under 
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these regulations, this would lead to a period of growth overfishing, whereby we would be 
harvesting individuals at too small a size. YPR from the population would have ranged from 
approximately 900-1200 g, which is a 10-30% decrease in YPR obtained using Chesapeake Bay 
sheepshead age and growth rates. Growth overfishing, if sustained over a long enough 
period, inevitably leads to an overfished state and its associated social and economic impacts 
for the state. Further, as t r is reduced, the potential for recruitment overfishing is increased, 
as evidenced by decreases in SSB, and thus there is an increased possibility of population 
collapse. For example, assuming an t r of 5 years, and a fishing mortality rate of 0.24-0.67, 
SSB falls to between 10-20% of an un-fished population. Lower tr would result in even lower 
SSB at a given F. Given the long lifespan (Chapter 2) and highly variable recruitment (Chapter 
3) of the population, any recovery of SSB or age structure after population collapse will take a 
substantial period of time. 
The primary drivers of variability in YPR modeling among regions are different 
specifications of M and weight-at-age. As our M estimates were based on the maximum age 
observed for sheepshead in the Chesapeake Bay region, which are 14 to 22 years greater than 
maximum ages reported from other regions (Chapter 2), any increase in maximum age in 
other regions would tend to increase maximum estimates of YPR. Due to the light fishing 
pressure, the observed age structure reported in Chapter 2 is indicative of the age structure 
expected in an un-fished population of sheepshead. In other regions fishing mortality rates 
are substantially higher due to increased fishing effort (e.g., Munyandorero et al. 2006), 
which likely results in the observed maximum ages in those regions being underestimates due 
to truncation of the age structure. If managers reduced F in those regions, maximum age 
observed would increase, thus increasing maximum predicted YPR. Despite this, due to the 
documented differences in weight-at-age among the regions (Chapter 2), maximum YPR in 
those regions will never equal that predicted for the Chesapeake Bay region sheepshead 
population unless maximum age observed is substantially greater than 35 years old. 
Based on these results, we must caution against ad hoc modeling of populations using 
proxy data from other regions. Too often, stock assessments must rely on such proxy data in 
data-poor fisheries. As illustrated here, any misspecification of input data will affect YPR, 
estimates of BRPs, and optimal tr values. If there is any reason to suspect that something 
may be different regarding a potential sub-population, the time and monetary investment 
needed to collect biological data to confirm or deny the differences will pale in comparison to 
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the potential economic and social impacts of a fishery collapse. Based on our analysis of age 
and growth data (Chapter 2), we suggested that a different management strategy was 
warranted for Chesapeake Bay region sheepshead. Our results confirm these differences, and 
highlight the potential pitfalls that could have occurred if such a study had not been 
undertaken prior to assessing the status of the stock. 
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CONCLUSIONS 
Beginning with our aging analysis and observed age structure of the population, there 
were two similarities in population characteristics of Chesapeake Bay region sheepshead to 
studies in other regions. First, even in the northern part of their range, sheepshead otoliths 
are not difficult to age as evidenced by the fact that our overall aging precision among age 
readings (77.3-88.9% agreement) was similar to that seen for sheepshead collected from 
Louisiana (75%, Beckman et al. 1991), the northwest coast of Florida (98.8%, Dutka-Gianelli 
and Murie 2001), and South Carolina (77.4%, Chris McDonough, SC-DNR, pers. comm.). Thus, 
throughout their common U.S. range, it appears that sheepshead are a relatively easy species 
to age. Second, there appears to be some consistency in period of annulus formation in the 
otolith, with annulus formation occurring in the spring to early summer months, though there 
does appear to be some regional differences in peak month of annulus formation. While our 
period of annulus formation (May-July) is similar to the time of annulus formation in Tampa 
Bay, Florida (MacDonald et al. In Review) and South Carolina (Chris McDonough, SC-DNR, 
pers. comm.), the two closest regions for which data is available, it is delayed, with overlap 
during the month of May, compared to the time of annulus formation for sheepshead off 
Louisiana (Beckman et al. 1991) and the northwest coast of Florida (Dutka-Gianelli and Murie 
2001). Potentially, this slight difference in the timing of annulus formation could be due to 
genetic differences arising between the two purported sub-species of sheepshead. 
Sheepshead of Chesapeake Bay, South Carolina, and Tampa Bay are all reportedly of the same 
sub-species, A. probatocephalus probatocephalus, while sheepshead of Northwest Florida 
and Louisiana are potentially of the second sub-species, A p. oviceps (Ginsburg 1952; 
Caldwell 1965; Dutka-Gianelli and Murie 2001; Anderson et al. 2008). 
Despite these similarities, from our analysis of the age structure and growth rates of 
Chesapeake Bay sheepshead, drastic regional differences in vital rates become evident. First, 
there are substantial differences in the observed age structures. Chesapeake Bay sheepshead 
are attaining older ages than sheepshead in other regions, with a maximum observed age of 
35 years old. While many authors had speculated that sheepshead could live in excess of 20 
years (e.g. Beckman et al. 1991; Munyandorero et al. 2006), few had actually illustrated that 
sheepshead were attaining greater ages (Beckman et al. 1991; Chris McDonough, SC-DNR, 
pers. comm.; Tim MacDonald, FWRI, pers. comm.) and none had suggested they would live to 
thirty or more years of age as we show in the present study. Compared to ages reported for 
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other regions, the maximum age of Chesapeake Bay sheepshead is 12-21 years greater than 
previously reported (Beckman et al. 1991; Murphy and MacDonald 2000; Dutka-Gianelli and 
Murie 2001; MacDonald et al. In Review; Chris McDonough, SC-DNR, pers. comm.; Tim 
MacDonald, FWRI, pers. comm.). 
Incorporating the observed differences in age structure will be important to any 
management regulations for sheepshead. The observed age structure, coupled with age at 
maturity data, suggests that these fish are adapted for infrequent successful recruitment 
events. The majority of individuals, regardless of sex, are maturing by 2-years of age and 
approximately 275 mm FL. This suggests that upwards of 95% of their life span is being spent 
in a reproductively active state. Maximization of total lifetime reproduction is generally 
thought to be associated with highly variable and infrequent successful recruitment events 
through time, thus forcing individuals to employ a bet-hedging strategy in which longevity 
increases the probability of individual replacement and population persistence (Secor 2000a; 
Longhurst 2002; Berkeley et al. 2004a; Berkeley et al. 2004b). By maximizing the amount of 
time spent in the reproductive stage throughout life, one maximizes the odds of encountering 
any one year in which environmental conditions are appropriate for successful recruitment 
(Secor 2000b). Longhurst (2002) was able to illustrate a positive relationship between 
maximum age and recruitment variability across a wide assortment offish species, including 
members of the Clupidae family, demersal species found along continental shelves, and 
extremely long-lived fish of deep banks and seamounts. MacCall (1996) suggests that 
variability in recruitment may be further exacerbated if the population in question is located 
near the extreme of their geographic range, which is true of the Chesapeake Bay population 
of sheepshead. A similar pattern of maximizing life span to overcome infrequent successful 
recruitment events near the northern extent of the species range is seen in the Chesapeake 
Bay population of black drum, Pogonias cromis (Jones and Wells 1998). 
Due to this type of reproductive strategy, sheepshead are highly vulnerable if fishing 
truncates the age structure of the population because of the risk of recruitment failure. 
Berkeley et al. (2004b) suggest that the age structure of the population, in combination with 
the maintenance of spatial distribution of recruitment, is as important as maintaining 
spawning stock biomass (SSB) when maintaining long-term sustainable population levels. 
Researchers report positive relationships between age structure and year-class strength for 
numerous species, including Icelandic cod, Gadus morhua (Marteinsdottir and Steinarsson 
87 
1998) and striped bass, Morone saxatilis (Secor 2000b). Maintaining the age structure of a 
population at near pre-fishing levels ensures an adequate "seed bank" of adults in the 
population so that the population survives unfavorable recruitment events (Secor 2000b; 
Berkeley et al. 2004a; Berkeley et al. 2004b) while also maintaining old, large females in the 
population that produce offspring most likely to survive (Berkeley et al. 2004a; Berkeley et al. 
2004b). In addition, old, and presumably large females, tend to have slightly different 
spawning times (generally earlier; Berkeley and Houde 1978; Lambert 1987; Secor 2000b; 
Berkeley et al. 2004a; Berkeley et al. 2004b), produce more (Hilsop 1988; Buckley et al. 1991) 
and larger (Hilsop 1988; Buckley et al. 1991; Marteinsdottir and Steinarsson 1998) eggs, and 
have eggs and larvae that are more viable than younger females (Hilsop 1988; Buckley et al. 
1991; Berkeley et al. 2004a; Berkeley et al. 2004b). Truncation of the age structure caused by 
the removal of large fish via fishing can therefore have a much greater impact on the 
reproductive capacity of a population than through the simple reduction of the SSB (Berkeley 
et al. 2004a; Berkeley et al. 2004b). Murawski et al. (2001) suggests that failure to 
incorporate differential viability of eggs and larvae due to maternal age into biological 
reference points aimed at preventing recruitment overfishing, traditionally based on SSB, can 
lead to an overestimate in the potential resiliency of stocks to exploitation. 
Our length-at-age analysis results highlight the need for appropriate a priori model 
development when evaluating the dynamics of the population in question. The von 
Bertalanffy growth function (VBGF) was chosen ad hoc in all previous studies of sheepshead 
growth (Beckman et al. 1991; Murphy and MacDonald 2000; Dutka-Gianelli and Murie 2001; 
MacDonald et al. In Review; Chris McDonough, SC-DNR, pers. comm.; Tim MacDonald, FWRI, 
pers. comm.) without considering the possibility of obtaining biased point estimates and a 
false evaluation of the precision of growth parameters (Katsanevakis and Maravelias 2008). 
By evaluating the weight of evidence for each of several growth models, we obtained 
parameter estimates that are the least biased and which best characterize the uncertainty 
about the estimates (Burnham and Anderson 2002), which is important for accurately 
characterizing the growth of individuals in the population. 
Modern computers now allow for easy application of different models, and for model 
comparison, which enhances our ability to find the best-fit parsimonious model. Thus, we 
agree with Cailliet et al. (2006, p. 223) who "encourage the use of multiple growth models to 
evaluate growth characteristics of a given species." In the case of Chesapeake Bay region 
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sheepshead, when we investigated alternative models, the weight of evidence suggests that 
the Schnute growth function is superior to either the VBGF or Gompertz function in 
describing the length-at-age relationship of Chesapeake Bay region sheepshead. Because the 
VBGF was used in all previous studies of the length-at-age relationship in sheepshead 
(Beckman et al. 1991; Murphy and MacDonald 2000; Dutka-Gianelli and Murie 2001; 
MacDonald et al. In Review; Chris McDonough, SC-DNR, pers. comm.), it is unclear if the 
Schnute growth function is superior at describing sheepshead growth globally. Thus for 
monitoring specific populations over time, as we intend with sheepshead, we would 
recommend the approach of evaluating multiple growth models. 
Despite these reservations, when we compare our length-at-age VBGF and our 
weight-at-age VBGF to the length-at-age and weight-at-age models developed for 
sheepshead in other regions (Beckman et al. 1991; Murphy and MacDonald 2000; Dutka-
Gianelli and Murie 2001; MacDonald et al. In Review; Chris McDonough, SC-DNR, pers. 
comm.; Tim MacDonald, FWRI, pers. comm.), in every case Chesapeake Bay sheepshead are 
exhibiting larger sizes at age and are attaining larger maximum sizes. These differences in 
size-at-age become more pronounced with age, such that at asymptotic sizes, Chesapeake 
Bay sheepshead were approximately 0.5-4.5 kg heavier and 40-175 mm longer than 
sheepshead from other regions. These differences in size-at-age, in conjunction with the 
previously noted differences in age structure, strongly support local-population status for 
Chesapeake Bay region sheepshead. Were Chesapeake Bay sheepshead to mix with those of 
other areas, then size-at-age and growth functions would become indistinguishable between 
regions. Moreover, our maximum age differences would not be maintained. These results 
warrant an investigation into potential population specific management regulations for 
Chesapeake Bay sheepshead. They should be managed as a unit stock with their own 
mortality rate, growth rate, and age structure unless proven otherwise by appropriate genetic 
tests. 
In addition to the differences observed in the size-at-age relationship and age 
structure of Chesapeake Bay sheepshead, we also note differences in the estimates of natural 
mortality (M) and fishing mortality (F). In our study, we employed two natural mortality 
estimators, the Hoenig (1983) estimator and the Quinn and Deriso (1999) estimator, to obtain 
three estimates of natural mortality for sheepshead of the Chesapeake Bay region, with M 
estimates ranging from 0.086 to 0.132. Compared to the M value used in the assessment of 
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sheepshead in Florida (-0.2; Munyandorero et al. 2006), our best M estimate (0.119, from the 
Hoenig method) is approximately 40.5% smaller. This has direct consequences on further YPR 
analyses, as lower M values necessitate the need for decreased fishing mortality rates on the 
population. 
These natural mortality rates, in conjunction with our estimates of total mortality (Z), 
which ranged from 0.108-0.220, suggest F ranges from 0-0.134 for the Chesapeake Bay 
population. Thus, F for sheepshead has been light in the Chesapeake Bay in recent years, 
suggesting our observed age structure is an indication of the age structure expected in an un-
fished population. The observed maximum age of 35 years represents nearly the true 
maximum age of the species in the Chesapeake Bay region. In other regions, where 
researchers have conducted population dynamics studies on sheepshead (e.g. Beckman et al. 
1991; Murphy and MacDonald 2000; Dutka-Gianelli and Murie 2001; MacDonald et al. In 
Review; Tim MacDonald, Florida Fish and Wildlife Research Institute (FWRI), pers. comm.; 
Chris McDonough, SC-DNR, pers. comm.), fishing mortality rates are likely substantially higher 
due to increased fishing effort. For example, in Florida, prior to the implementation of 
management measures in 1996, F averaged 0.188 on the Atlantic coast and 0.221 on the Gulf 
coast from 1982-1995 for sheepshead age 2 and older (Munyandorero et al. 2006). From 
1996 to 2004, average F was reduced to 0.069 on the Atlantic coast and 0.165 on the Gulf 
coast (Munyandorero et al. 2006), but considering a 35 year old fish born in 2009 would have 
been born in 1974, it still experienced years of high F. Therefore, observed maximum ages in 
those regions, which are 14 to 22 years less than those seen for the Chesapeake Bay region, 
are likely underestimates. 
Since they are attaining larger sizes-at-age, living to older ages, and experiencing 
lower M, it is to be expected that the Chesapeake Bay population would be more productive, 
and thus warrant a different management strategy from that employed in other regions. 
Results of YPR analysis support these expectations. To adequately protect the stock from the 
possibility of growth overfishing, while giving some potential safeguard against recruitment 
overfishing, our data suggests that tr should be set to 7 years of age. This corresponds to a 
MLL equal to 438 mm (19 in) FL, which is greater than the MLL restriction imposed in any 
other state where sheepshead are routinely harvested. Four states (Mississippi, Alabama, 
South Carolina, and North Carolina) have no minimum length limit restriction, while Texas has 
a 15 inch minimum total length (TL) limit for both the recreational and commercial fishery, 
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Louisiana has a 10 inch minimum TL limit on the commercial fishery, Florida has a 12 inch 
minimum FL limit on the commercial and recreational fishery, and Georgia has a 10 inch 
minimum FL limit on the recreational fishery. 
In addition, the absolute values of the instantaneous fishing mortality rates 
associated with the BRP F01 are reduced in comparison to the BRPs calculated in the 
assessment of Florida's sheepshead population (Munyandorero et al. 2006). In the Florida 
assessment, estimates of F01 for the commercial and recreational fishery were 0.746 and 
0.737, respectively, along Florida's Atlantic coast (Munyandorero et al. 2006). For the Gulf 
Coast of Florida, the corresponding estimates of F01 were 0.687 and 0.679 (Munyandorero et 
al. 2006). Comparatively, the estimate of F01 from our model is 0.22, which is three times 
lower than any estimate of F01 from either the Florida Atlantic or the Gulf coasts. The factor 
behind this decrease in F01 is the decrease in assumed natural mortality rates used in the 
current study compared to the assessment of the sheepshead stock in Florida. 
Our analysis of results using population dynamics data from other regions highlights 
the potential drawbacks of using growth, mortality and reproduction data previously reported 
for other regions. If instead of using Chesapeake Bay region population dynamics data (i.e. 
our VBGF parameters, M, t^) we substituted parameter estimates from other regions (e.g.; 
Beckman et al. 1991; Murphy and MacDonald 2000; Dutka-Gianelli and Murie 2001; Chris 
McDonough, SC-DNR, pers. comm.), our results from the YPR analysis would be drastically 
different. Instead of suggesting a tr of 7 years (483 mm FL MLL) we would have incorrectly 
concluded an 279-406 mm (11-16 in) FL MLL and a tr of 2-5 years old were appropriate. In 
addition, we would have seen a drastic reduction in the expected maximum YPR and an 
increase in the proposed fishing mortality rates associated with the BRPs. Projected YPR 
calculations compared to our model are reduced by some 52.9-84.3% (713-1137 g). 
Meanwhile, compared to the fishing mortality rates equal to F01 or F30o/o from our model, 
which uses an tr of 7 years, YPR analysis using parameter estimates from other regions 
suggest an increase in F at F 0 1 of 0.08-0.23 and at F30o/o of 0.01-0.44. Too often, stock 
assessments must rely on such proxy population dynamics data in data-poor fisheries. Any 
misspecification of parameter estimates will affect YPR, estimates of BRPs, and optimal tr 
values. As evidenced here, this can drastically affect the results of the assessment and 
subsequent management regulations. 
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Despite the observed differences in the age structure, growth rates, mortality rates, 
and their associated affects on YPR analysis, the reproductive biology of Chesapeake Bay 
sheepshead was consistent overall with what researchers report for other regions and it 
appears to be a more conservative feature of sheepshead biology. This conservative nature 
first becomes apparent in our histological analysis results. 
First, histological analysis results suggest that Chesapeake Bay sheepshead are 
functional gonochorists who are batch spawners. Render and Wilson (1992b) also found no 
evidence of spermatogenic tissue in sheepshead ovaries, nor did they find any gonads that 
could be considered transitional. They also did not find any indication of protandrous 
hermaphroditism, thus they concluded that sheepshead are rudimentary hermaphrodites 
(Render and Wilson 1992b), based upon the assumption that intersexuality of the juvenile 
gonad is common to all members of the Sparidae family (Buxton and Garratt 1990). Research 
from Louisiana (Render and Wilson 1992a) and South Carolina (Chris McDonough, SC-DNR, 
pers. comm.) also found that sheepshead are batch spawners. 
Additionally, histological analysis suggests the overall timing of the spawning season 
in the late winter and spring months is consistent spatially, though there appears to be a 
slight progression of the end of the spawning season as one moves from south to north along 
the range of sheepshead. In Louisiana, Render and Wilson (1992a) suggest sheepshead 
spawn from late February through late April, though they begin seeing development of 
ovaries as early as December. Galloway and Martin (1982) report observing the formation of 
large spawning aggregations in April around oil field structures in the Gulf of Mexico, but that 
the spawning aggregation had dispersed by mid-May, suggesting a spawning season ending 
by early May in the Gulf of Mexico. Moving north, in South Carolina, female sheepshead 
were undergoing some level of reproductive development from December through May 
(Chris McDonough, SC-DNR, pers. comm.), suggesting a slightly later end of the spawning 
season than that seen in the Gulf of Mexico. Historically, Hildebrand and Cable (1938) report 
that they captured only one individual with "well developed roe" in Beaufort, NC, taken on 
June 16, and they propose sheepshead spawn from sometime in April through the end of 
June in that region. In the current study, we observed a period of reproductive development 
from December to June. This slight progression of spawning season from low to high 
latitudes is commonly seen in other species (Wang and Chen 1995; Lapolla 2001; Abaunza et 
al. 2003). 
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In addition, the average size of YOY caught in July in the Chesapeake Bay region is 
similar to the average size of YOY sheepshead collected in June and July in Tampa Bay, that 
being 20.7 and 29.0 mm, respectively (Springer and Woodburn 1960). In Beaufort, NC, the 
range of lengths observed for YOY specimens collected in the months of June and July were 7-
25 and 11-42 mm (mean = 21.8 mm), respectively (Hildebrand and Cable 1938). Christmas 
and Waller (1973) state that in Mississippi small sheepshead (17 through 31 mm) appear 
during the months of March, April, May and September. In South Carolina, monthly means 
suggested YOY sheepshead recruit to estuarine habitats from April to August, with the bulk of 
recruitment occurring from May through July (Chris McDonough, SC-DNR, pers. comm.). 
Researchers in these studies (Hildebrand and Cable 1938; Springer and Woodburn 1960; 
Christmas and Waller 1973) report similar spawning seasons for sheepshead in their region as 
we propose for the Chesapeake Bay. In addition, a controlled experiment suggested that by 
67 days after hatch, sheepshead attained sizes of approximately 28 mm TL (Tucker and 
Alshuth 1997), suggesting that our fish captured in July were born sometime during the 
month of May. Given that Tucker and Alshuth (1997) were feeding their young to satiation, 
which presumably would increase the rate of growth above what would be observed in the 
wild, the potential hatch date of our specimens may have been earlier. 
Also consistent is the early maturation of sheepshead throughout their range, with 
the majority of individuals, regardless of sex, being mature by two years of age and 
approximately 275 mm FL. Tucker (1987) reports sheepshead reach maturity in 2 years at 
between 350-400 g. In Louisiana, the majority of both males and females are mature by age 
2, with all males and females being mature by ages three and four, respectively (Render and 
Wilson 1992a). For South Carolina, there was evidence of early maturation for both males 
and females at age one, or approximately 225 mm FL and larger, with greater than 80% of 
both sexes being mature by age 3 and 300 mm FL (Chris McDonough, pers. comm.). All males 
were mature by age four, or approximately 375 mm FL, and all females by age 5, or 
approximately 400 mm FL. In our study, the age at 50% maturity for males and females was 
1.51 and 1.62 years, respectively, with lengths at 50% maturity of 280 and 257 mm FL; 
approximately the same age, but at slightly larger size than for South Carolina. All individuals, 
regardless of sex were mature by age 4 and between 325 and 350 mm FL. 
The only possible discrepancy in reproductive strategy among regions is the location 
of spawning of Chesapeake Bay region sheepshead. We found evidence of estuarine 
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spawning, as all individuals that had hydrated oocytes or POFs were collected within the 
Chesapeake Bay. Few individuals were collected offshore, possibly limiting our ability to 
detect offshore spawning activity, but the presence of actively spawning individuals in the 
Chesapeake Bay suggests that at least some proportion of the population is using the estuary 
as a spawning ground. Only one additional study hints at estuarine spawning, that being 
sheepshead in and around the Lake Pontchartrain region of Louisiana (Render and Wilson 
1992a). However, Render and Wilson (1992a) suggest that the estuarine spawning 
sheepshead collected in Louisiana had only partially hydrated ovaries, as the batch fecundity 
of sheepshead collected inshore was greatly reduced compared to the batch fecundity of 
offshore spawning sheepshead. Due to the small number of actively spawning individuals we 
were able to obtain, we were unable to determine the batch fecundities of Chesapeake Bay 
region sheepshead. This precluded our ability to investigate the potential of estuarine 
spawning Chesapeake Bay sheepshead having only partially hydrated ovaries. 
In conclusion, the total weight of evidence strongly supports local-population status 
for Chesapeake Bay region sheepshead due to the drastic differences in age structure, growth 
rates, and mortality rates. Were Chesapeake Bay sheepshead to mix with those of other 
areas, then observed differences among the populations would not be maintained. Results of 
YPR analysis corroborate these results, suggesting that the age at recruitment, and associated 
MLL, that maximizes YPR in the Chesapeake Bay region is greater than the age of recruitment 
needed to maximize YPR for more southern populations. Further, projected maximum YPR 
for the Chesapeake Bay region sheepshead population is greater, due to lower natural 
mortality rates and the larger size-at-age of Chesapeake Bay region sheepshead, while there 
is a reduction in the fishing mortality rate needed to obtain maximum YPR, as evidence by 
BRPs. In addition, the nature of Chesapeake Bay region sheepshead reproductive biology 
suggests the need for additional care when implementing management regulations. Their 
early maturation in relation to overall lifespan suggests they evolved in an environment 
where the probability of successful recruitment in any one year is low. Thus, Chesapeake Bay 
region sheepshead are highly vulnerable if fishing truncates the age structure of the 
population because of the risk of recruitment failure, suggesting the need for management 
regulations that minimize the risk of age truncation. Thus, until otherwise proven incorrect 
by appropriate genetic tests, Chesapeake Bay sheepshead should be managed as a unit stock 
with their own population parameter estimates. 
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